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SHCTION  1 
INTROIMCTION 


I liis  volume  m ( li»*  torm  of  an  Kstimaling  Handbook  and  i'ser's  Manual  provides  the 
i nst  rui't n ms  neeessan  lor  making  a cost  esliman  using  either  uhal  is  referred  to  as 
tile  trade  study  eosi  estimating  method  or  the  airlrame  system  cost  estimating  method. 

It  describes  these  estimating  techniques  in  terms  ol  inputs  and  outputs  ol  the  computer- 
ized programs  used,  tile  cost  estimating  relationships  involved,  the  organization  and 
sources  ol  inputs,  including  other  supporting  eonipuler  programs,  and  the  cost  modi  I 
computer  program.  An  example  estimate  in  the  lorm  ol  a demonstration  case  is  also 
described.  The  Kstimaling  Handbook  together  with  a Technical  Volume  comprise  the 
Final  Report  lor  Air  Force  Contract  F;).'i(il.'>-72-C-2()H.'j.  T!ie  Technical  Volume  supple- 
ments this  discussion  by  describing  the  development  of  the  methods,  by  defining  cost 
categories,  and  by  discussing  some  of  the  lituitalions  of  the  methods.  The  emphasis 
in  this  volume  is  on  the  user’s  point  of  view  and  thus  on  the  mechanics  of  Lhe  procedure. 
The  two  estimating  methods  to  be  discussed  are  distinct  in  terms  of  the  categories  of 
cost  involved,  the  level  of  detail  at  which  estimates  are  made,  Lhe  cost  estimating  re- 
lationships involved,  and  the  resulting  inputs  and  input  sources.  The  trade  study 
method  involves  a very  detailed  level  of  estimating  for  basic  structure  only.  The  sys- 
tem costing  method  involves  a higher  (subsystem)  level  but  includes  both  structural  and 
mechanical  subsystems  of  the  aircraft  airframe.  The  term  airlrame,  which  may  be 
used  in  conjunction  with  cither  method,  is  defined  as  including  only  basic  structure  in 
the  case  of  the  trade  study  method  but  as  including  basic  structure  plus  tnechtuiieal 
subsystems  in  the  case  of  the  system  method.  The  dilferent  sets  of  input  required  for 
each  method  in  turn  entail  a different  output  from  the  area  of  preliminary  design  sup- 
]x> it , or  specifically  from  the  supporting  design  synthesis  programs  in  the  case  ol  the 
trade  study  method. 

The  trade  study  estimating  technique,  ill  general,  requires  that  the  supporting  design 
synthesis  programs  operate  in  an  iterative  manner,  although,  point  design  estimates 
can  be  made  with  the  input  data  being  developed  manually.  The  number  of  inputs  re- 
quired initially  to  set  up  a run  is  quite  extensive.  Generally,  however,  only  a few  in- 
put variations  are  required  for  subsequent  trade  study  alternatives. 

A combined  trade  study-system  method  mode  of  operation  may  be  selected.  This  is 
based  on  a modular  estimating  approach  wherein  both  subsystem  level  CKRs  and  de- 
tailed estimating  routines  are  available  for  structural  subsystems.  This  option  is  ex- 
ercised by  zeroing  out  one  or  the  other  method  selectively  by  subsystem.  Thus,  a 
structural  element  of  particular  interest  may  be  estimated  in  detail  with  the  remaining 
elements  being  estimated  at  an  aggregate  level. 
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file  I'nl lowing  suhseetii >n  of  t h t ■ introduction  prov  ides  an  overview  of  liolh  estimating 
methods  to  answer  the  question;  How  to  make  an  estimate?  The  organization  ol  the 
handbook  is  then  described.  II  the  interest  is  in  simply  making  an  estimate,  the  reader 
ma\  wisli  to  begin  study  ol  the  method  with  this  volume  rather  than  Volume  I. 

1.  i HOW  TO  MAKK  AN  ESTIMATE 

1.1.1  TUA.DK  STUDY  ESTIMATING  M KTllOi-.  Figure  1 gives  an  outline  of  the  trade 
study  estimating  method  and  the  flow  of  information  required  in  this  process.  In  this 
description  of  flu1  method,  which  is  intended  to  provide  an  introduction  only,  the  dis- 
mission will  begin  with  the  cost  output  and  work  backwards  through  the  various  phases 
of  the  program  to  the  procedure  for  the  development  of  input  data. 

The  cost  output  is  described  and  defined  by  the  computer  printout  formats,  samples  of 
which  arc  given  in  Figures  2 through  5.  These  represent  a complete  set  of  computer 
printouts  except  that  two  additional  Recurring  Production  (Manufacturing)  Cost  print- 
outs are  provided  for  two  alternative  production  quantities,  and  also  that  Lhis  series 
of  printouts  is  provided  for  each  of  the  structural  elements;  wing,  horizontal  stabil- 
izer, vertical  stabilizer,  fuselage,  nacelles  and  landing  gear. 

The  Cost  Model,  comprising  the  cost  estimating  logic,  consists  of  sets  of  CKlts  devel- 
oped for  each  of  the  items  of  cost  identified  in  the  computer  printouts.  These  CERs 
are  described  in  Section  2., '5.  Their  derivation  is  discussed  in  Volume  1.  Figure  (i 
gives  examples  of  manufacturing  first  unit  CERs  for  labor  and  material.  Many  other 
forms  are  involved.  Manufacturing  First  Unit  Cost  is  an  estimating  convention  based 
on  using  theoretical  first  unit  cost  as  the  basis  for  estimating  manufacturing  costs. 

it  is  sometimes  necessary  to  augment  the  standard  procedure,  as  represented  by  the 
('Fits,  with  special  procedures  and  analyses.  These  require  definition  for  each  in- 
dividual case  and  may  or  may  not  be  of  a nature  to  permit  incorporation  in  the  main 
body  of  CERs. 

The  estimating  method  makes  use  of  an  existing  general  cost  program,  designated  as 
COSTC,  that  operates  as  a data  manager  program  and  handles  the  cost  estimating 
logic  as  a program  input.  This  provides  a simple  means  of  modifying  cost  estimating 
relationships.  These  are  accomplished  simpb,  by  changing  an  input  model  card  and 
the  cor  resending  input  variablc(s).  This  program  is  discussed  further  in  Section  2.2. 

The  total  set  of  CERs  generates  the  variable  input  requirement  entered  in  the  pro- 
gram as  NAMELIST  variables.  These,  together  with  the  model  cards,  constitute  the 
input  package.  The  model  cards,  which  include  the  CEli  entries,  constitute  an  input 
whenever  they  are  to  be  revised.  They  may  be  revised  for  either  of  two  reasons; 

(1 ) as  previously  mentioned,  to  change  the  form  of  a CER,  or  (2)  to  change  an  esti- 
mating coefficient.  These  coefficients  appear  as  constants  within  the  CERs,  and 
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Figure  1.  Trade  Study  Cost  Estimating  Method. 
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Figure  2.  Wing  First  Unit  Cost. 
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Figure  3.  Wing  IIDT&K  Costs 
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Figure  4.  Recurring  Airframe  Production  Costs  (Summary). 
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Figure  5.  Nonrecurring  Design  and  Development  Costs. 
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ijrure  0.  C i'R  Kxumples  - Trade  Mudy  Kstimatinii  Metiim! 


comprise  such  items  as  baseline  costing  factors,  senium  lar).,i  -• , ;m<l  < ( her  taelors 
based  on  historical  data.  Input  categories  are  determined  with  respect  t<>  the  cost 
model  computer  program  described  in  Section  2.2. 

The  computer  program  deck  set -up  is  illustrated  by  Figure  7.  The  program  deck 
consists  of  the  C’OSTC  General  cost  program.  Inputs  comprise  NAM  Kl, 1ST  SI/  K, 

NA  M ill  .1ST  Cl'KVK , and  Model  (’a  rd  cut  ri  es.  Sam  pi  e model  card  enl  ri  es  are  i l lus- 
tra! ed  in  Figure  x.  This  is  a very  limited  sample,  the  total  Model  Card  Deck  consis- 
ting, as  it  does,  of  approximately  Gat)  entries.  The  I unci  ions  ol  the  model  card  are 
explained  in  Section  2.2.  Figure  ti  gives  an  example  of  the  relationship  between  in- 
puts (and  input  sources)  and  the  CKH.  A general  idea  of  the  input  organization  is  fur- 
nished by  figure  10.  it  should  be  noted  that  numerous  additional  CKH  lorins  and  in- 
put relationships  are  involved  as  might  be  suspected  from  the  number  of  model  card 
ent  ries  involved.  Section  if  provides  a complete  i ost  model  computer  program  des- 
cription, including' COSTC  program  subrout ines , model  card  listing,  input  listings, 
NAM  Kb  1ST  variables  dictionary,  and  :m  estimating  coefficients  summary  a nil  locator. 
Section  2.  it  identifies  eac1-  of  the  CKUs  involved  and  relates  then  to  the  computer 
program. 

Input  development  is  illustrated  In  Figure  11.  The  option  of  CKH  revisions,  shown  in 
Figure  in,  is  excluded,  however,  since  such  changes , although  literally  handled  as 
inputs,  are  best  thought  of  in  a separate  category.  Input  development  is  then  delined 
as  being  within  the  context  of  an  existing  .set  of  CKKs, 

As  shown  by  Figure  11,  various  synthesis  program  runs  are  required  to  support  the 
development  of  inputs.  These  provide  design  information  required  in  the  estimating 
process.  There  arc  three  such  programs:  (1  ) An  Automated  Program  for  Aerospace 
— Vehicle  Synthesis  (APASJ,  (2)  A Program  for  Development  of  Aircraft.  Fuselage, 
Nacelle  and  Landing  dear  Weights,  and  (,'!  t The  Tip,  Leading  and  Trailing  Kdgc  Analy- 
sis Program.  The  first  of  these  in  turn  supports  the  second.  The  third  program  oper 
ales  independently.  A technical  description  of  these  programs  is  given  in  Section  V 
of  Volume  1. 

Kneh  of  these  programs  also  has  an  input  requirement.  These  input  requirements, 
operating  instructions  for  program  runs,  and  output  data  transfer  worksheets  are 
covered  in  Section  2.4  of  this  Handbook. 

The  weight  analysis  for  aerodynamic  surfaces  primary  structure  involves  the  use  of 
correlation  factors  applied  to  the  output  of  APAS.  These  factors  are  in  turn  based  on 
weights  research  data  from  studies  conducted  concurrently  with  but  separate  from 
this  study.  A separate  design  synthesis  and  weight  analysis  procedure,  the  Tip, 
Leading  ;uid  Trailing  Kdge  Analysis  Program,  is  used  for  aerodynamic  surfaces  sec- 
ondary structure.  These  results,  combined  with  those  for  primary  structure,  result 
in  data  such  as  shown  in  Table  1.  Correlation  factors  are  calculated  as  the  ratio  of 
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Figure  9.  Input  and  Input  Source  Examples. 


A FA*"  IN  FI 


.14 


Figure  11.  Input  Development 
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actual  weight  to  synthesis  weight.  They  provide  a measure  of  the1  credibility  of  the 
synthesize*!  weight  and  can  be  used  as  analogs  in  estimating  similar  structural  ele- 
ments. 

The  weight  analysis  for  fuselage  structure,  both  primary  and  secondary,  is  handled  by 
the  Program  for  Development  of  Aircraft  Fuselage,  Nacelle  and  Landing  Gear  Weights 
driven  by  the  A PAS  program.  It  provides  weights  data  as  shown  in  Figure  12. 

Historical  data  is  used  to  develop  various  factors:  learning  curve  factors;  scaling 
exponents;  engineering,  tooling,  and  manufacturing  factors;  and  material  cost  factors. 
The  tables  summarizing  these  factors,  the  location  in  the  Handbook  of  back-up  data, 
and  the  model  card  deck  location  of  the  CERs  in  which  these  factors  arc  used  are 
given  in  Section  2.2. 

The  development  of  baseline  costing  factors  and  complexity  factors  is  interrelated. 
Their  development  is  fully  explained  in  Volume  I,  Section  II.  Briefly,  the  following 
steps  are  involved: 

a.  Development  of  complexity  factors  for  primary  structure  by  means  of  an  industrial 
engineering  analysis  relating  alternate  types  of  construction  and  material  to  a 
baseline  hardware  element  of  known  cost,  thereby  indicating  cost  ratios. 

b.  The  normalization  of  historical  data  by  weight  iuul  by  type  of  construction  and 
material. 
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i-'i^urc  12.  Fuseloiie-Nai-elle-  Landing  (jt*ar  Structural  eights . 


i'.  1 hr  derivation  ol  t'KKs  I mm  the  normalized  data,  assumin';  that  the  significant 

i a ist  related  variables  are  weight,  type  of  const  ruction,  and  tvpe  of  material,  and 
Inrther  that  a consistent  sealing  relationship  is  applicable. 

d.  The  continuing  ecdleetion  of  historical  cost  data  and  ii|xlate  ol  tile  CLK  derivations. 

The  indust  rial  engineering  analysis  investigates  manulaetu ring  opi  rat  ions  associated 
with  various  categories  ol  hardware  construction  and  material  I \ pcs  and  determines  a 
numerical  tad  at  ionslnp  to  a nominal  clement  of  hardware  that  utilizes  a baseline  type 
ol  construction  and  material.  The  individual  manufacturing  operations  are  evaluated 
1 1 v means  ol  standard  hours  and  a ratio  ol  cost  is  established  as  a measure  of  complexity. 

The  original  intent  of  this  study  was  to  deal  only  with  primary  structure.  It  was  recog- 
nized early  in  the  studv,  however,  that  the  secondary  structure  was  of  equal  significance 
Iron)  a cost  standpoint,  and  the  effort  was  redirected  accordingly.  Hardware  elements 
making  up  secondary  structure  do  not  lend  to  fall  into  type  of  construction  categories 
as  conveniently  as  do  those  of  primary  structure.  This  complication  is  reflected  inlhe 
complexity  factor  tables  for  secondary  stmeture. 

A provision  is  Included  in  the  method  for  applying  learning  curve  factors  at  the  detailed 
level  shown  in  figure  2.  Development  of  the  factors  themselves  was  not  included  with- 
in the  scope  of  the  study.  Values  for  these  factors  may  be  supplied  by  the  user,  how- 
ever. according  to  available  data. 

Labor  rales  arc  inputs  to  the  model.  Leonomie  escalation  relating  Lo  labor  may  be 
handled  through  these  inputs.  Variations  in  labor  costs,  as  lor  example  differences  be- 
tween manufacturers,  can  thus  be  accounted  for. 

1.1.2  SYSTfM  COST  fSTLMATlNG  MLTIlOi).  figure  I It  gives  an  outline  of  the  sys- 
tem cost  estimating  method  and  the  flow  of  information  required  in  this  process.  The 
cost  output  is  defined  by  the  set  of  computer  printouts  shown  as  figures  1 1 through  17. 
The  Cost  Model  consists  o!  sets  of  C’flls  developed  for  each  ot  the  items  of  cost  identi- 
fied in  the  computer  printouts.  These  Cl  fils  are  described  in  Section  2.2.  Their  der- 
ivation is  discussed  in  Volume  I.  figure  Is  gives  examples  of  a few  of  the  various 
types  o!  C fits  used. 

The  estimating  method  makes  use  of  the  same  general  cost  program  as  the  trade  study 
method.  The  computer  program  module  for  the  system  costing  model  is  described  in 
Section  IS.  2.  The  conventions  regarding  NAM  f 1. 1ST  variable  inputs,  model  cards  and 
model  card  cluuiges  is  similar  to  the  trade  study  method. 

The  computer  program  deck  set-up  for  system  costing  is  the  same  as  for  the  trade 
sluils  method  illustrated  in  figure  7.  Variations  occur  in  the  use  of  control  cards, 
title  card,  and  option  card.  InpuLs  comprise  NAM  f LIST  Cl'HVf,  NAM f LIST  SUM- 
MARY, and  Model  Card  entries.  Individual  subsets  of  model  cards  arc  assigned  to 
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Figure  13.  System  Cost  Estimating  Method. 


Figure  14.  Nonrecurring  Design  and  Development  Costs  - Pag. 
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Figure  15.  Nonrecurring  Design  ;ind  Development  Costs  Page  : 
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Figure  1G.  First  Unit  Costs 
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Figure  17.  Recurring  Airframe  Production  Cos 
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each  in  i'!  In>'l.  Ilu'  i rial  hmsliip  lulu  ten  inputs  and  CKRs  is  similar  to  the  grade  Slml\ 
im  i in  >i  I . \ min  ral  idea  o|  Ilu  i n)  nit  urganization  is  I'll  rnislied  by  figure  Id.  Section 

2.2  provides  a eumplel  e dese  ri  pt  ion  of  that  port  ion  of  (lie  cost  model  computer  pro- 
sy rani  comprising  the  system  costing  method. 

Input  de\  elonnient  lor  tin  svstem  costing  method  can  be  explained  uil.li  reference  lo 
figure  1 We iv, Ills  data  is  obtained  from  a standard  group  weight  sLateinenl.  Com- 
plexity I actors,  scaling  laelor:-,  est  i mat  i niy  factors,  and  factors  lor  inflation  and 
learning,  arc  deri\cd  from  historical  cost  data.  The  concept  of  complexity  at  this  level 
ol  estimating  is  dillerent  than  at  the  trade  study  level.  Speed  is  used  as  a cost  relat- 
ed variable  in  est  i mat  ini;  one  element  ol  cost  and  is  obtained  from  the  design  data. 

Labor  rates  are  selected  and  input  as  appropriate.  Produel  ion  rates  and  quantities 
are  obtained  lrom  program  seliedules. 

The  de\ elopment  ot  baseline  costing  factors  and  complexity  factors  is  again  inter- 
related, Thei r development  is  explained  in  Volume  1,  Section  111 . 

In  the  system  costing  method,  manulaeturing  eosts  are  estimated  in  dollars  by  combin- 
ing labor  ;uid  materials,  This  introduces  the  need  for  considering  economic  escala- 
tion and  t lie  time  relerenee  tor  dollar  values.  In  the  trade  study  method,  labor  and 
material  are  separated  and  only  material  costs  require  an  adjustment  for  inflation. 

'flic  two  estimating  methods  can  be  used  in  a combined  mode  whereby  a.  detailed  first 
unit  cost  estimate  lrom  1 1n  * trade  study  method  can  be  substituted  for  the  comparable 
estimate  of  the  system  costing  method.  This  mode  might  be  used,  for  example,  when 
a detailed  analysis  is  required  for  only  one  structural  comixinent  while,  at  the  same 
time,  a total  airlrame  systi  in  estimate  is  needed. 

1.2  OHCiANI/A’i'lON  OP  TIIL  1 1 AN  1 ) I i<  K ) K 

The  remainder  ol  the  handbook  provides  complete  instructions  in  the  use  of  the  methods 
briefly  described  above.  I’lie  remainder  of  this  section  describes  the-  Handbook 
organizal  ion. 

Both  estimating  methods  are  described  in  detail;  the  Trade  Study  Method  ui  Section  11 
and  the  System  Costing  Method  in  Section  III.  Similar  outlines  arc*  followed  lor  each 
description.  The  complete  set  of  computer  printouts  is  described  under  Costs  esti- 
mated. The  cost  model  computer  program  is  completely  described  in  Section  2.2. 

This  description  is  supplemented  by  appendices  that  replicate  pertinent  portions  ot  the 
program.  Section  2.2  provides  a type  listing  of  all  CKRs  used,  gives  input  summaries 
organized  by  cost  category  and  related  Lo  the  CKRs,  cross  references  items  of  cost 
and  the  corresponding  CKR,  identifies  the  location  of  the  model  card  calling  out  a 
given  calculation,  summarizes  the  values  used  for  estimating  coefficients,  and  locates 
the  relevant  back-up  data.  Section  2.4  gives  additional  instructions  covering  the  sub- 
mittal of  the  program  deck  Lo  the  computer  operation. 
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Si  ction  11!  provides  a similar  treatment  for  the  system  nislm;',  method,  allliuu;,b  modi- 
lied  I iv  differences  in  the  i net  In  m Is  and  In  l lie  si  mplil  lent  n ,n  1 1 ■ >m  l lie  use  of  a common 
eoni|inter  program.  Seetion  IV  describes  a demons!  i at  inn  ease  per  h>  rmed  lor  three 
pu  r | hi  ses ; 

a.  To  illustrate  the  descript  inn  of  methods. 

b.  To  demonstrate  the  estimating  capability. 

e.  To  provide  a basis  for  testing  the  installation  of  the  capability  at  AIT'DL, 

Included  in  the  discussion  of  the  demonstration  cases  in  Section  IV  is  a discussion  of 
how  the  two  methods  can  be  used  in  a combined  fashion. 


SUCTION  n 


TRAD !•:  STUDY  COST  KSTIMAT1NG  MKTIIOD 


This  section  describes  the  trade  study  cost  estimating  method  and  provides  the  user 
with  the  instillations  necessary  for  making  an  estimate,  including  information 
relevant  to  the  supporting  design  synthesis  programs  involved.  The  subject  of  methods 
research  and  development  is  covered  either  in  Volume  1 or  in  previous  reports,  as 
referenced. 


2.  1 COSTS  KST1MATFD 

Costs  are  estimated  in  a variety  of  ways  for  each  of  the  following  hardware  com- 
ponents: 

AeiaxF  namic  Surfaces: 

Wing 

Horizontal  Stabilizer 
Vertical  Stabilizer 

Fuselage 

Nacelles 


Landing  Gears 

The  different  tyixjs  of  cost  outputs  provided  consist  of: 

a.  First  Unit  Manufacturing  Costs 

b.  RDT&K  Units  Manufacturing  Costs 

c.  Production  Units  Manufacturing  Costs  - Quantity  1 

d.  Production  Units  Manufacturing  Costs  - (Quantity  2 

e.  Nonrecurring  Design  and  Development  Costs 

f.  Recurring  Production  Costs  - Summary 

The  combination  of  components  and  types  of  output  produces  36  separate  printouts  for 
a given  cost  estimate.  Shown  in  Section  1.1.1  was  four  types  of  output  corresponding 
to  a,  b,  e,  and  f above.  Output  types  c and  d are  identical  to  type  b except  for  the 
production  quantity  involved.  The  variation  in  output  format  by  hardware  component 
is  illustrated  by  Figures  l'J  through  24,  representing  first  unit  cost  for  each  com- 
jxment.  The  36  printouts  are  summarized  in  Table  2.  The  hardware  components 
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Figure  19.  Wing  First  Unit  Cost 
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Figure  20.  Horizontal  Stabilizer  First  Unit  Cost. 
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Vertical  Stabilizer  First  Unit  Cost. 
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Figure  22.  Fuselage  First  Unit  Cost. 
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Figure  33.  Nacelles  First  Lnit  Cost. 
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Figure  24.  Landing  Gear  First  Unit  Cost 


Summary  of  Cost  Printouts  for  a Trade  Study  Kstimate. 
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listed  cumprise  the  basic  structure,  or  "airl'ram<  , ” when  related  to  trade  stud\ 
me  thndologv . 

Production  quantities  are  obtained  by  learning  curve  projections  of  the  first  unit 
costs  for  each  item  of  cost  broken  out.  This  (jermits  giving  effect  to  different  degrees 
of  learning  involved  in  different  ty|x\s  of  material  and  construction. 

Tin'  relationship  of  the  above  subset  of  costs  to  a complete  weapon  system  cost 
structure  and  to  the  CIR  definitions  of  cost  elements  is  covered  in  Volume  I,  Section 


2.1’  COST  MODI-:  1.  COMPUTKR  PROCRAM 


The  computer  program  serves  to  organize  the  cost  estimating  task.  The  estimating 
process  is  accomplished  in  terms  of  going  to  the  proper  sources  for  the  necessary 
input  data,  evaluating  estimating  coefficients  in  view  of  additional  data  acquisition  and 
previous  estimating  results,  and  setting  up  the  computer  program  deck.  The  cost 
estimating  logic  is  also  of  immediate  relevance,  but  its  discussion  has  been  deferred 
to  Section  2.2  so  that  computer  oriented  terminology  will  have  been  covered . 

The  cost  model  computer  program  makes  use  of  a general  cost  model  program  (desig- 
nated as  COSTC)  taking  advantage  of  certain  features  of  that  program.  COSTC  is  a 
data  manager  program  written  in  FORTRAN  IV  for  the  CDC  CYBF R 72.  Features 
include  treating  the  cost  estimating  logic  as  a program  input,  handling  the  cost  output 
as  an  array  (called  the  SAV  matrix)  in  a manner  whereby  it  is  both  addressable  and 
displavable,  and  providing  for  a consistcn*  pattern  of  costing  in  going  from  one  hard- 
ware element  to  the  next. 

Treating  the  estimating  logic  as  a program  input  provides  a simple  means  of  modify- 
ing cost  estimating  relationships.  These  are  accomplished  simply  by  changing  an 
input  model  card  and  making  an  appropriate  input  variable  change.  Changes  to  esti- 
mating coefficients,  which  might,  for  example,  result  from  additional  analyses  of 
historical  cost  data,  can  be  accomplished  simply  by  an  input  model  card  change; 
and  if  a time-sharing  set-up  is  being  used,  this  can  be  done  on  the  card  and  grajihieally 
on  a CRT  display  by  means  of  a keyboard  control. 

Use  of  the  SAV  array  printout  provides  for  a display  of  intermediate  computational 
results  and  j>ermits  the  cost  analyst  to  utilize  computational  results  that  ai'e  not 
typically  available  in  a cost  output  format.  Clements  in  this  array  may  be  used  as 
terms  in  the  cost  estimating  relationships. 

The  deck  set-up  for  the  complete  cost  program  was  shown  in  Figure  7.  As  can  be 
seen,  the  major  elements  of  the  program  are  the  control  cards , the  program  deck, 
title  and  option  cards,  the  variable  input,  i.e.  , NAMFLIST,  section  of  the  input 
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section,  and  the  model  cards  of  this  same  section.  The  various  elements  of  the 
program,  including  a NAMELIST  variable  dictionary  and  a summary  of  estimating 
coefficients,  are  described  in  the  following  sections.. 


— .2.1  C(  )NTH(_)j . C A UPS.  The  control  cards  entail  an  optional  compiler  usage.  At 
Convair  the  program  is  compiled  with  the  "RUN"  compiler,  but  it  may  be  compiled  by 
either  "RUN"  or  "FTN"  compilers.  The  control  cards  for  the  use  of  a source  deck 
with  the  "RUN"  compiler  are: 


RUN. 
I .GO. 


R I-  WIND  (TAPE  5) 

COPYSBF  (TAP K 5,  OUTPUT) 
KXJT. 


The  conti'ol  cards  for  source  decks  under  the  "FTN"  compiler  are: 
FTN. 


TGO . 

UNWIND  (TAPK  5) 

COPYSBF (TAPK  5,  OUTPUT) 

EXIT. 

The  control  cards  for  binary  decks  under  either  compiler  are: 

INPUT. 

REWIND  (TAPE  5) 

COPYSBF (TAPE  5,  OUTPUT) 

E KIT . 

The  control  cards  for  updating  a routine  and  executing  the  updated  package  with  the 
"RUN"  compiler  are: 

RUN  (P) 

COPYBR  (U’.O,  DISK) 

REWIND  (LOO,  DESK) 

COPYL  (DESK,  1/GO,  N PL) 

REWIND  (NPL) 

N PL. 

REWIND  (TAPE  5) 
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COPYSRF  (1  API  6,  OUTPUT) 

EXIT. 

7 v ;i 

2.2.2  PROGRAM  DI  CK.  The  program  deck  consists  of  the  COS’l'C  general  cost  pro- 
gram, plus  subroutines  and  functions  as  follows: 

Driver:  Program  COSTC 

The  driver  initializes  all  variables,  reads  in  the  input  cards,  checks 
program  options,  and  executes  various  subroutines  as  "Kl'.Y"  input 
cards  are  recognized. 

Subroutine:  GFTPAR 

This  routine  determines  what  is  contained  in  each  field  of  ten 
characters  of  the  and  'R'  caixls  and  returns  this  information. 

Subroutine:  STARCH 

This  routine  searches  the  variable  name  array  and  returns  the  sub- 
script that  corresponds  to  the  mime  requested. 

Subroutine:  F.XPR 

This  routine  evaluates  the  expression  between  parenthesis  used  by 
the  T'  card. 

Subroutine:  C1IFCK 

This  routine  checks  to  see  if  the  next  card  is  a continuation  card. 
Subroutine:  TIT  FT 

This  routine  is  used  tu  print  titles. 

Function:  DWORD 

This  function  selects  nonblank  characters  from  variable  names  and 
left  adjusts  them  in  DWORD. 

Function:  NUMRFR 

This  function  gets  an  integer  from  any  vector  between  given  locations. 
Function:  MRGCRD 

1'his  function  checks  for  several  of  the  "KEY"  denoters  for  the 
merge  option. 

Subroutine:  RECORD 

This  subroutine  interrogates  input  cards  for  a line  location  in  the 
SAV  array.  36 


Function:  ICHKLIN 


This  function  checks  lines  in  the  army  SAV  for  zero  values. 
Subroutine*:  FIN  DINT 

This  subroutine  finds  the  single  integer  up  to  1)1)  from  an  input  field. 
Subroutine:  TM FRGF 

This  subroutine  merges  new  input  cards  with  the  current  cost  model. 
Function:  ROUND 

This  function  rounds  a real  number  to  two  decimal  places. 

Function:  VALUF 

This  function  finds  the  value  of  a term,  parameter,  or  a coefficient. 
Subroutine : F QKVA I . 

This  subroutine  is  the  driver  for  the  ' F ' cards  of  the  model  cards. 
Function:  IPACK 

This  function  packs  characters  of  input  fields  for  input  to  subroutine 
GFTPAR. 

Subroutine:  UNPAK 

This  subroutine  puts  data  into  a predetermined  number  of  separate 
words  for  output. 

Function:  TFRM 

This  function  computes  terms  involving  parameters  and  coefficients. 
Coefficients  are  input  as  real  numbers  and  parameters  are  variable 
inputs  or  recalled  sums. 

Subroutine:  RFADW 

This  subroutine  reads  input  variables  from  the  namelists,  Sl'/F, 
CURVE,  and  SF  M.MARY. 

2.2,3  INPUT  CARDS.  The  input  cards  consist  of  the  following  subsets: 

TITLE  CARD 
OPTION  CARD 
NAMELIST  INPUT  CARDS 
MODEL  CARDS 
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\ general  flow  diagram  of  the  input  sequence  is  shown  in  Figure  25.  A printout  of  a 
complete  set  of  input  cunls  is  shown  in  Apixaidix  A. 

The  Title  card  user  SO  columns  of  alphanumeric  data  to  he  printed  as  the  main  title. 
Tin*  Option  card  is  composed  as  follows: 

Column 


Cl.KAR 


blank 


(>- 10  CARDS 

TAPI-' 2 


MFRGF 


1 1-15 


1 ( 1 - 2 0 
21-25 
25-30 


If  this  word  is  punched  in  this  field,  the  variables  are 
set  to  C)  before  reading  the  new  variables. 

If  the  field  is  blank,  the  variables  used  in  the  previous 
case  are  not  cleared  before  reading  new  variables. 

If  the  model  is  going  to  be  read  from  cards. 

If  the  model  cards  arc  either  on  Tape  2 for  the  first 
case  only  or  the  previous  cost  model  information  is 
to  be  reused. 

If  the  model  cards  are  either  merged  from  card  input 
and  TAPF2  for  the  first  case  only  or  the  previous  model 
data  is  mei'gcd  with  revised  cards  thereafter. 

Integer  that  Sjjecifiea  the  maximum  number  of  variables 
to  be  used  by  an  element  of  the  model. 

Name  of  F lenient  1,  i.e.,  Wing 

Name  of  Clement  2,  i.e.  , Horizontal  Stabilizer 

. . . etc.  . . . 


Columns  5-10  of  the  Option  card  control  the  form  of  the  input  data.  TAPF  2 indicates 
that  the  model  caixls  have  been  entered  on  tape  by  appropriate  request.  Filtering  the 
woixl  MFRCiF  provides  for  obtaining  input  from  both  TAPF  and  new  input  caixls  and 
is  used  for  any  change  in  input  values  or  CFRs  for  multicase  runs. 

When  the  .MFRGF  option  is  being  used,  the  program  will  assume  that  a baseline  model 
has  been  previously  stored  on  Uqx?  and  that  the  cards  contained  in  tne  Cost  Model  section 
of  input  are  to  be  merged  with  the  baseline  model  to  produce  and  process  an  updated 
model.  The  following  rules  should  be  observed  when  merging: 

a.  / , R and  F cards  only  can  be  merged. 

b.  When  replacing  an  element  of  {he  SAV  matrix  all  the  terms  that  make  up  that 
element  should  be  replaced. 
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CA  LI.  ANY 
ROL  TINFS 
NKKDKD  FOR 
l’ROCKSSLNC. 


STORK  ANSWKR 
. IN  SAY  MATRIX 
BY  LINK  K- 
CULL  MN 


Figure  25.  Cost  Model  General  Flow  Diagram. 

:i<) 


i . Merge  ranis  should  be  ordered  mnnotnnicully  increasing  by  line  and  column 
numln  r. 

(1.  New  columns  m.i\  I k • inserted  to  :i  defined  line  in  the  baseline  model.  New 
I ines  m.i\  not  Ik ■ i use  fled . 

e.  \ combination  ol  / curds  may  replace  ; i n K curd.  The  converse  is  not  valid. 

NAM1  1 . 1ST'  input  carls  record  the  input  variahlt's.  The  NAM  F 1 .1ST  identifiers  are 
Sl/.l  and  (/fit  VI  . (NAMIIJST  SIMM  ARY  is  part  of  the  system  costing  method). 

One  S'  ! of  variables  in  a Sl/f  or  (T  l!VN  block  corresponds  to  an  element  of  the  model. 
As  many  blocks  a iv  read  as  are  specified  by  the  number  of  elements  punched  in  the 
option  card,  and  the  inclusion  or  exclusion  of  an  element  is  controlled  by  the  option 
card.  Sets  of  variables  must  then  be  furnished  to  correspond. 

The  first  case  should  contain  all  the  variables  that  are  used  by  the  model.  For  sub- 
sequent cases,  only  the  variables  that  are  to  be  changed  are  input.  Valuables  are 
stored  in  a single  dimensional  array  called  PL.  They  are  stored  by  elements  and 
aiv  printed  out  by  (.dement  for  each  case  run.  a sample  input  element  printout  is 
shown  in  Apjiendix  B. 

The  model  cards  consist  of  a series  of  different  type  cards  that  carry  the  costing 
logic.  These  cards  i>eiiorm  different  functions,  and  column  one  of  each  card  is  used 
as  a "key"  to  determine  the  s|>ccific  function  of  that  card.  The  various  tyjx?s  of  cards 
and  their  function  are  described  in  Apptmdix  A. 

2.2.1  Till'  COSTC  I ’BOG  HAM.  Tin*  COSTC  program  is  a general  cost  model  that 
acts  as  a data  manager.  It  provides  a printed-out  array  of  the  results  of  the  cal- 
culations directed  by  the  model  carls.  This  printout  is  called  the  SAV  matrix,  and 
a sample  printout  is  shown  in  Apjxindix  C.  It  is  organized  in  lines  and  columns,  which 
are  numbered  and  which  are  addressable  by  the  model  cards.  A value  "stored”  in 
any  element  of  this  matrix  may  be  used  as  a term,  and  manipulated  by  certain  types 
of  model  carls.  The  SAV  matrix  is  dimensioned  by  the  driver  program,  COSTC.  The 
number  of  rows  in  the  matrix  corresponds  to  the  number  of  lines  containing  cost 
values  that  are  to  be  (minted  out.  It  is  limited  only  by  the  dimension  statement  and,  in 
turn,  core  capacity.  The  current  program  is  dimensioned  for  G!H)  lines  and  12 
columns.  A 12th  column  is  used  for  s . , lining  a given  line.  The  number  of  columns 
in  the  matrix  corresjMmds  to  the  number  of  columns  that  may  be  printed  out.  The 
program  presets  the  SAV  matrix  to  zeroes  before  the  execution  of  a run.  Terms  are 
computed  and  added  to  a sixjcific  location  in  the  matrix  addressed  by  line  and  column 
number  by  the  operative  model  carls.  As  an  example  of  the  ojeration  of  the  matrix  and 
the  correspondence  to  the  model  cards,  reference  is  made  to  Apixmdix  A,  a listing  of 
the  input  deck,  and  Appendix  C,  a sample  SAV  matrix. 

In  Appendix  A the  first  l'-eard  entry  appears  as  follows: 


-10 


r r.  1 wi  WN'c; * on  wnc.  » \V2  wm;*  cit  \v\c,  - \V3  wxc-  CF3  wnc 


1 his  is  ;m  "I”'  cani  as  noted  by  the  F in  the  first  column.  1 tie  S.W  matrix  line  is  5 
and  till'  column  is  l.  In  Ap|)cndix  C,  tin-  S.W  Matrix,  on  the  lirsl.  line,  line  a,  in  the 
first  column  will  be  found  recorded  the  results  of  this  calculation  (the  sum  of  rib  tyjie 
weights  and  complexity  factor  products), 

\ s another  example  of  the  relationship,  Appendix  A how:, 

F Hi  I ( (fi,:»)  • ( I) , 3)  • (7,3)  ) * .20  1 (la,  S)  1 2.0. 

This  translates  as  follows; 

Filter  on  line  Hi,  column  I , of  the  SAV  matrix  the  sum  of  line  .1,  column  3,  line  0, 
column  3,  and  line  7,  column  3,  multiplied  by  .20  and  the  value  entered  in  line  15, 
column  S,  multiplied  by  two.  This  program  thus  provides  visibility  of  computations 
and  provides  a high  degree  of  programming  flexibility. 

The  functions  of  the  various  tyixis  of  model  cards  are  described  in  Apiiendix  A,  in- 
cluding the  mles  applicable  to  the  use  of  each  type  of  card.  The  cauls  are  discussed 
in  the  order  in  which  they  appear  in  the  printout  in  A|>i>endix  A,  except  Lint  all  of  the 
input  oriented  cards  are  grouped  together  and  discussed  first.  The  complete  list  of 
card  types  in  the  order  in  which  they  appear  in  the  model  deck,  is  13-curd;  1 -card; 
2-card;  3-card;  F-card;  blank-card;  C-card;  N-card;  T-card;  l)-card;  H-curd;  P -card; 
Z-  :ard;  I. -card;  and  K-caul.  The  input  oriented  cards  are:  F-card;  11-card;  /-card. 


2,2,5  INPUT  ORGANIZATION.  Figurc  1 showed  inputs  organized  as  NAM  FLIRT 
variables  and  Model  Cauls.  As  described  above  NAM F FIST  variables  are  recorded 
on  the  NAMFFIRT  input  cauls.  Model  cards,  in  addition  to  prcviding  the  estimating 
logic  in  the  form  of  CFRs,  contain  what  are  called  estimating  coefficients,  which  were 
briefly  mentioned  in  connection  with  Figure  !).  These  appear  as  constants  on  a given 
input  caul  but  are,  however,  subject  to  change.  \ discus  don  of  these  so-called 
F-card  variables  and  how  they  might  change  in  value  (giving  them  the  effect  of  an 
input  variable)  is  needed  to  completely  describe  the  organization  of  inputs.  NAMFF1ST 
variables  arc  subject  to  change  with  each  study  case,  whereas  the  F-eaul  variables 
do  not  usually  change  from  case  to  case  and  usually  change  only  as  the  result  of 
additional  cost  research. 

Revisions  can  be  made  in  the  above  categorization,  if  need  dictates,  simply  by  chang- 
ing the  F-card  to  indicate  the  variable  name  rather  than  a constant  and  by  including 
the  variable  in  NAMFLIST.  It  can  be  seen  from  this  comment  that  the  distinction  is 
partially  one  of  convenience  describing  the  type  of  input  card  manipulation  required 
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for  a no"  input.  The  nature  of  the  I'-eanl  variable  will  become  clear  from  the  dis- 
cussion in  Section  2.3.  A dictionary  of  NAMKl.IKT  variables  is  provided  in  Apjxjndix 
I).  A sunrniry  of  estimating  coefficients,  or  f'-eard  variables,  is  provided  in 
\p]K*ndix  K.  Section  2.3  provides  a complete  discussion  of  (Tilts,  the  resulting  input 
requirements  and  input,  sources,  and  a referencing  of  but.  k -up  data. 

2.3  COST  KSTl.MA  TINC.  UK  I .ATK  )\SI  II  i»S  A N I ) INPUT  J JKSCK  1 PTK  )N 

The  step  by  step  development  of  input  data  includes  providing  NAM  Ml. 1ST  variable  in- 
puts ;uul  determining  the  suitability  of  estim  ding  coefficients  called  out  by  the  CKIts 
and  recorded  as  model  card  eooll  ieienls,  'J’ables  are  provided  for  die  pur]>ose  of  cross 
referencing  individual  costs  as  given  in  the  various  computer  printouts,  the  pertinent 
CKK  equation  number  to  be  described  and  the  model  card  location  within  the  com- 
puter program . 

2. 3.  1 KlKS  l KNIT  COST.  Theoretical  first  unit  cost  is  used  as  a means  of  esti- 
mating recurring  m mufacturing  costs.  Manufacturing  costs  for  the  production 
qumitities  for  which  estimates  are  desired  are  obtained  by  learning  curve  projections 
against  this  theoretical  first  unit  cost.  First  unit  costs  are  estimated  by  a series  of 
general  ( lilts  that  are  used  in  a specified  sequence  to  estimate  major  structural 
components : wing,  horizontal  stabilizer,  vertical  stabilizer,  fuselage,  nacelle,  and 
landing  gear.  The  computer  program  controls  the  repetitive  use  of  the  CKKs  with  die 
iniiut  data  serving  as  the  key  to  the  structural  elements  and  categories  of  cost  that 
are  estimated.  Tables  3,  4,  5,  G,  7 and  8 cross  reference  the  cost  printout,  CKKs 
and  model  cards  for  the  above  structural  elements.  Operations  such  as  sub  totaling 
and  the  conversion  of  labor  hours  to  dollars  are  hiuidlcd  within  the  program  model 
deck. 

The  general  CKKs  that  provide  these  estimates  and  the  input  requirement  that  is 
generator,  by  ••  hei i:  repetitive  use,  matched  to  the  output  shown,  are  discussed  below. 
The  discussion  of  inputs  will  provide  a transition  from  the  estimating  output  to  the 
(IKK  structure  ;md  a means  of  identifying  the  computational  indices  applicable  to  the 
general  CKKs. 

Detail  fabrication  and  subassembly  hours  and  material  costs  are  estimated  for  each 
item  listed,  if  th  : structural  component  occurs  on  the  aircraft  being  estimated.  The 
CKK  structure  pi  ovides  for  the  simultaneous  evaluation  of  up  to  three  different  types 
of  ribs,  spars,  unc.  covers  with  respect  to  these  cost  categories.  The  structural  box 
major  assembly  hours  subtotal  is  estimated  by  means  of  a series  of  CKKs  as  de- 
scribed. 

Structural  material  costs  are  considered  in  two  general  classes:  the  cost  of  raw 
material  for  the  fabrication  of  structural  components  and  the  cost  of  assembly  hard- 
ware, which  includes  fasteners,  seals,  bearings,  paint,  preservatives  and  other 
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Table  3.  Cost  Output,  CER  Equation,  and  Model  Card 
Cross  Reference  - Wing  First  Unit  Cost. 

Detail  Major  Primary 

Fabrication  Subasscmblv  Assembly  Assembly  Major  Mate  Material 


Table  4.  Cost  outpiu,  CM  it  equation , ami  .Vn><U-l 
Hori/ontal  Stabilizer  First  l nit  t ost. 
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: nil  ,1  ! j i AjcjUMss-v 
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Totals  F 171  4 V 171 


Table  (J.  Cost  output,  CKR  liquation,  and  Model  Card 
Cross  Relerencc  - Fuselage  First  l nit  Cost, 


1 iM.iti.-’i  ’i  i in! r-  .1 1 » > \.u  ll\  ! hi • •:» m • .1  • .'Iid'aii  Im’  U'lii;  1 if  t I nit  I nsl , lalile  it,  < \<  rpt  th.it  I > |ti :i  lu »n 
1 1 !ii  .1  i'l  in  i'l.in  ..t  I i|ii.il inn  ( l.'t  and  1 - |!i:it i< m | t:i ) n-  > 1 1 v >< I • <1  ti\  : |ur  -N  Striniui  r \sseml»U. 

I iju:*l i* *n  1 l * • » 1 if  i d Im  t.iit  l«*i  .ill  si -« *•  >i !•  l;«  1 v tni<  Um  hardu  kit  i iiinjioNi  rits,  1 ijunl  ion  ( 1 1 ) 

Im  ■imii.Lih  trtii  tun  ml»l\  , : 1 n < 1 I < {i i:t 1 1< >n  1 I '« > Im  * t -i hh I:i r\  struetim  produrtion  in;i tenal 

KiU  , - [it'-,  .m!  1 < v ■ > • 1 h -jH.iiil,  1 1 -pi  1 1 1\ i- 1\  , to  tin  il;i.  i<  St  nielnn  i mnjionrnt  I isti-d  Im  low  . Model 
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Tabic  7.  Cost  Output,  CER  Equation,  and  Model  Card  Cross  Reference  — Nacelle  Eirst  Unit  Cost 
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special  hardware  or  supplies  used  in  the  course  of  completing  the  structure  assembly. 
The  detailed  breakdown  of  material  costs  follows  the  breakdown  used  for  manufactur- 
ing labor  hours.  t'KH  forms,  the  resulting  input  requirements,  the  organization  of 
these  inputs  and  their  resjK'etive  back-up  data  is  the  subject  of  the  discussion  that 
follows. 

DKTAll.  fAltmcATK  >N  HOIKS  FOR  KllkS,  KltAM  IAS,  SPARS,  LONG  Kid  >NS  ANI ) 

('( >V  K KS 

C'KH  Form 


A CI'K  ol  the  following  form  is  used  for  estimating  detail  fabrication  hours: 


who  re 


II 

1 


W C F ' W CF  1 w cf 
i i i i i i 


rr 

i 


]•:. 

n IF.)  fWT  ) 1 

i i 


II.  fabrication  hours  for  ribs,  frames,  spars,  longerons  and 
covers  corresponding  to  element  inputs 

W.  a series  of  weights  for  the  components  estimated:  ribs, 
frames,  spars,  longerons,  and  covers 

CF,  a series  of  complexity  factors  corresponding  to  com- 
ponent type  related  to  fabrication 

\VT.  computer  summation  of  the  weights: 

WT  Sum  of  rib  weights 

\VT1  Sum  of  spar  weights 

WT2  Sum  of  cover  weights 

III'.  a series  of  reference  cost  per  pound  values  for  ribs,  frames, 
spars,  longerons,  & covers  related  to  fabrication  labor 

F.  a series  of  weight  scaling  exponents  for  ribs,  frames,  spars, 
longerons,  and  covers  related  to  fabrication  labor 


(I) 


II  values  are  stored  by  the  computer  program  and  aggregated  by  structural  eompo- 
i 

nent. 


Inputs 

This  CHK  uses  three  types  of  variables: 


(1)  Weights  data 

(2)  Complexity  factors 
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(.'!)  Gust  estimating  coefficients  - cost  per  pamd  and 
other  factors  and  scaling  cxjxmcnts 

flic  first  two  arc  handled  as  NAME  1. 1ST  variables  and  vary  with  the  aircraft  design. 

1’he  third  is  handled  through  the  model  card  convention  witli  values  used  based 
on  analyses  as  described  in  Volume  1. 

Weights  data  and  complexity  factors  for  estimating  deta il  fabrication  hours  for  ribs, 
spars  and  covers  tor  wings,  horizontal  stabilizers  and  vertical  stabilizers  and  frames, 
longerons  and  covers  for  fuselages  are  input  as  shown  in  Figure  20.  As  mentioned 
above,  the  estimating  method  provides  for  the  simultaneous  evaluation  of  three  diff- 
erent tv]>es  of  ribs,  frames,  spars,  longerons  or  covers,  bibs  and  frames  may  be, 
alternatively,  bulkheads.  These  compments  may  apjiear  in  various  combinations 
limited  to  the  maximum  of  three  types.  The  nacelle  and  landing  gear  involves  sec- 
ondary structure  only.  They  are  included  in  Figure  2G  only  to  denote  the  overall 
computational  sequence . 

The  remaining  two  inputs,  reference  cost  per  pound,  111’.,  ;md  the  weigh l sealing  ex- 
pment,  F.,  are  entered  on  model  cards.  They  may  be  changed  in  the  program  simply 
by  changing  the  appropriate  F card  as  discussed  in  Section  2.2.3.  ’They  are  subject 
to  change  if  the  subsequent  acquisition  and  analysis  of  historical  data  indicates  a more 
appropriate  value.  Hence  they  are  not  necessarily  variables  within  the  context  of  a 
given  estimating  problem.  Currently  available  back-up  data  for  reference  cost  per 
]xmnd  values  appears  in  Appendix  F. 

Input  Data  Sources 

The  discussion  in  this  section  provides  a map  for  locating  the  required  program  in- 
puts. With  reference  to  Figure  2G,  weights  data  are  obtained  from  the  A FAS  program 
and  the  secondary  structure  weight  estimating  routines  by  a process  to  be  described 
in  Section  2.4.2.  Complexity  factors  are  obtained  from  an  appropriate  complexity 
factor  table.  For  primary  structure  detail  fabrication  labor,  these  are  Tables  y,  10, 
11,  .12,  13  ;uid  14.  JJack-aip  date  for  complexity  factors  is  given  in  Appendix  G.  Also 
located  there  is  data  that  etui  be  used  to  develop  a multiplier  for  application  to  com- 
plexity factors  for  construction  types  involving  machining  with  differing  tolerance 
requirements. 

The  derivation  of  reference  cost  i>er  pound  mid  weight  scaling  exponents  is  described 
in  Volume  1,  Section  2.  The  values  developed  are  summarized  in  Table  15.  This 
table  also  serves  to  summarize  the  model  cards  where  Equation  1 is  used. 

E.  follows  the  same  map  as  II F..  A consistent  finding  of  the  cost  research  has  been 
that  the  scaling  of  hours  to  weight  is  very  nearly  a constant  with  a value  of  approxi- 
mately 0.G7.  E.  values  are  thus  not  listed  in  Table  15.  This  finding  is  discussed 
more  fully  in  Volume  I. 
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CONSTRUCTION  TYPE 


Jo  I u ; [Iirl-^I  - 
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•iangc  of  valuer  ie;  en  .-  i on  to) e ranee 


Table  11.  Aerodynamic  .•■irlaces  S]ku>  Complexity  factor: 
- Detail  Fabrication 


54 


CONSTRUCTION  TYPE 


Range*  ot'  values  ilepen  Is  upon  tolerances 


UoIJimi.i '.|i:  | ip: J."»(  | 


Table  14.  Fuselage  Cover  « omplexitv  Factors,  Detailed  Fabrication 


Compound  Contoured: 


Table  la.  Cost  Per  Pound  Factors 
(HF.)  Map 
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subassembly  imrus  mu  11ms,  frames,  spams,  longerons  and  covers 


CER  Form 


This  CER  is  of  the  same  general  form  as  that  used  for  detail  fabrication. 


H 

i 


W (AM  • W CM  i W CM 
i i i i i i 

WT 

1 


(IIK.)  (WT.)  1 
1 l 


whe  re 

H.  subassembly  hours  for  ribs,  frames,  spars,  longerons  and 
covers  corresponding  to  variable  inputs 

W,  weights  used  for  detail  fabrication 

CM.  a series  of  complexity  factors  corresponding  to  component 
type  related  to  subassembly 

WT  computer  summation  of  weights 

II F.  a series  of  reference  cost  per  pound  values  for  ribs,  frames, 
spars,  longerons,  and  covers  related  to  subassembly  labor 

E,  a series  of  weight  scaling  exponents  for  ribs,  frames,  spars, 
longerons,  and  covers  related  to  subassembly  labor 

Inputs 


The  same  types  of  inputs  are  involved  for  subassembly  as  for  fabrication.  The  weights 
data  is  unchanged.  The  additional  NAMELIST  infill  Is  required  consist  of  complexity 
factors  as  shown  in  Figure  27.  These  are  obtained  from  Tallies  1G,  17,  18,  19,  20, 
and  21.  Reference  cost  per  pound  and  weight  scaling  exponents  are  summarized  in 
Table  22.  Backup  data  appears  in  Appendix  F,  Pages  F-7  thru  F-12.  The  points  of 
usage  of  Equation  (2)  are  also  represented  by  Table  22. 


ST  RE  C TURK  BOX  OR  BASIC  STRUCTURE  MAJOR  ASSEMBLY  LABOR 


CER  Form 

A series  of  CERs  of  the  following  general  form  are  used  for  the  aerodynamic  surfaces 
and  fuselage  for  major  assembly  labor. 

Transporting  and  Positioning  - Aero  Surfaces  or  Fuselage 


II 

i 


(WT.)  (HSA1)  + (USA 2)  (CN  + RN  + SNE  + SNI)^  x 2 


(3) 
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CM*  Com  >le  it\  Inc  to.  for  P ('over 


(I -ISM  .!,<  IN! 


CONSTRUCTION  TYPE 


Table  IT.  Fusel. me  Frame  Bulkhead  Complexiu  I actors  - SuhassembK 


CONSTRUCTION  TYPE 


CONSTRUCTION  TYPE 
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Structural 


STRI/CTION  TYPE 


Cost  Per  Pound  Factors 
(HF.)  Map 


cl  ! 

-*x> 

Cl  r* 

C o 

-4— > 

/ C5 

i - ■/:•  Ci 

1-  / 

Ci 

o ^ Cl 

3 : 

1 I I 

i i l 

1 1 

| 

1 1 1 

1 ° 

Ph  Ph  P- 

F 

F 

F 

F 

F 

Ph 

^ Ph  Ph 

^ 9 

O h5 

c3 

m 

U 

Cl 


O Cl 

o > 


10  O Cl 

-t  c5  t- 


lO  O Cl 
C C I" 


IO  O Cl 

oJ 


0 o o 
• • • 

1 o o r— 
o ^ ^ 


T3 

Cl 

Cl 

C 1 

Cl 

Cl 

Cl 

Cl 

Jh 

rt 

O 

c 

Cl 

Cl 

Cl 

o 

•H 

4-J 

t— » 

Cl 

cc 

00 

r~H 

o 

Cl 

o 

r-H 

lO 

Cl 

lO 

1*0 

o 

1— H 

cl 

cc 

cc 

co 

r-t 

r — 1 

r— ( 

i — ( 

r— 1 

r— t 

Cl 

_a> 

o 

o 

o 

ij 

Ph 

Ph 

pH 

X 

pu 

X 

Ph 

X 

X 

p< 

Pc 

ci 

Cl 

o 


•rH  0) 

U,  ^ 
K ° 


in 

CD 

lO  CD 

ID 

CD 

*r 

X 

X 

X 

X u 

H Ph 

X 

X 

X 

X 

X 

X 

X 

X & 

: x 

X 

X 

X 

X 

X 

O. 

CQ 

< 

X 

hJ 

a 

<< 

w 

co 

CO 

< 

e 

CO 


O 

g 


* s 

X rt  > 
rj  a O 
X co  U 


u 

N 

X 

XH 

CQ 

< 

H 

co 


X 

< 

X 

O 

N 


o 

x 


u 

X cs  > 
« c.  ° 
X co  O 


X 

w 

N 

X 

XH 

X 

< 

X 

co 

X 

< 

u 
►— ( 

X 

X 

x 


u 

u g 

X rt  > 

•r-J  CL  O 

X M U 


w 

a 

< 

x 

w 

co 

X 


m 

in 

§ 

<D 

u 

in 

CD 

u 

S 

be 

0) 

a 

fl 

> 

u 

o 

o 

Ph 

X 

u 

X 


67 


HF5  F 202 

HF6  F 203 


u hero 


II.  primarv  structure  major  assembly  hours  for  aerodynamic  .surfaces 
structural  boxes  and  fuselage  basic  structure. 

\\  I’  weights  used  for  detail  fabrication 
i 

IISAl  asscmblv  hours  per  unit  weight  for  transporting  and  positioning 
USA 2 assemble  hours  per  subassembh  for  transporting  and  positioning 
t’N  number  of  cover  panels 

KN  number  of  ribs  or  frames 

SNK  number  of  external  spars 

SNI  number  of  internal  spars  or  longerons 

Q quantity  scaling  factor 

2 - operator  for  aerodynamic  surfaces  only 

Panel  Fit  and  Trim  - Aerodynamic  Surfaces 

II  2 (SP K f HP)  (H  I')  (TJ4)  (4) 

whe  re 

II  hours  for  panel  fit  and  trim 

l 

SPK  average  spar  perimeter  in  feet 
HP  average  rib  perimeter  in  feet 
I IT  hours  per  lineal  feet  for  fit  and  trim 
TJd  joint  thickness  ratio:  2 TS/O.tM 

TS  average  skin  thickness 


Panel  Pit  and  Trim  - Fuselaj 


II  (SPF  i HP)  (UT)  (TJ4)  (5) 

l 

where 

H - hours  for  panel  fit  ;md  trim 

SPK  - average  fuselage  length 

HP  Average  frame  circumference 

HT  - hours  per  lineal  feet  for  fit  and  trim 
(differing  from  aero  surfaces  value) 

G8 


Assembly  Clamp  And  l.ayouL  - Arm  Surlacc.;  ( >r  1 • use lagc 


It  q 
(UP)  (UN) 


(SPIAH  (KNK  -SNI)^  III. 


Ki) 


u Ik:  re 

II  hours  lor  assembly  clamp  and  layout 

i 

U size  scaling  exponent 

III.  assembly  hours  per  unit  length  for  clamp  and  Invent 

Note:  Definitional  differences  between  aerodynamic  surfaces  ;uul  I use  I age 
indicated  above  for  the  terms  UN,  SNI,  SPK,  and  UP  apply . For 
the  fuselage,  the  computer  program  neglects  the  doubling  of  value 
indicated  above. 

Hole  Drilling  - Aero  Surfaces  or  Fuselage 


where 


II 

i 


U Q 
(UP)  (UN)  -t 


(SNF'SNI) 


Q 


(IID)  (TJ4) 


II  hours  for  hole  drilling  (not  doubled  for  fuselage) 
HI)  hours  per  foot  for  drilling 


(7) 


Finish  Operations  - Aero  Surfaces  or  Fuselage 


w he  re 


II  2 
i 


U Q U Q 

(UP)  (UII)  -i  (SPK)  (SNKiSNI) 


(HK)  (TJ4)  (FF1) 


H,  hours  lor  finishing  operations  (not  doubled  for  fuselage) 
II F hours  per  unit  length  for  finishing 
FF1  factor  for  fastener  selection 


(«) 


Fastener  Installation  - Aero  Surfaces  or  Fuselage 


II  2 

l 


It  Q It  0 

(UP)  (UN)  i (SPK)  (SNK'SNl) 


(II FI)  (TJ4)  (FF2) 


(9) 


where 

II 

l 


hours  for  fastener  installation  (not  doubled  for  fuselage) 
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Ill  i 


hours  per  foot  for  fastener  installation 
factor  for  fastener  selection 


Inputs 

Ihe  categories  of  inputs  used  to  estimate  major  assembly  are: 

(1)  the  previously  used  weights  data 

(2)  additional  dimensional  data  and  factors 

hi)  Reference  cost  per  pound  data  and  scaling  exponents. 

The  data  for  Item  (2)  is  required  as  shown  in  Figure  28.  All  of  these  data,  except 
the  two  factors  for  fastener  selection,  are  obtained  .rom  the  APAS  program.  Fastener 
selection  factors  are  obtained  from  'Table  28.  Reference  cost  per  |x>und  data  and 
scaling  exponents  are  summarized  in  Table  24,  with  back-up  data  in  Appendix  F, 

DETAIL  FABRICATION  AND  SUBASSEMBLY  HOURS  FOR  SECONDARY  STRUCTURE 


OFR  Forms 


Both  detail  fabrication  and  subassembly  hours  estimating  relationships  for  secondary 
structure  are  covered  in  this  section,  conforming  to  the  computer  program  organization 
of  input  elements.  The  basic  equation  forms  are: 

Detail  Fabrication  Hours 

K. 

II  CB  (WC  ) (WD  ) 1 (10) 

l i i i 


where 

II  detail  fabrication  hours,  secondary  structure 
i 

CB.  a series  of  complexity  factors  corresponding  to  component  type 
related  to  fabrication 

\V  . a series  of  reference  cost  per  pound  values  for  secondary  structure 
components  related  to  fabrication  labor 

\VI).  a series  of  weights  for  the  secondary  structure  components  being 
estimated 

F a series  of  weight  scaling  exponents  for  secondary  structure  compo- 
nents related  to  fabrication  labor. 
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AERODYNAMIC  SURFACES  STRUCTURAL  BOX  AND 
INPIT  ELEMENTS  - SI^aoSEMBLE  HOURS:  FUgELAGE  BASIC  STRUCTURE 


Figure  28.  NAMF.LiS-.  Input.',  for  Structural  Box  and  Fuselage  Basic  Structure 
Major  Assembly  Hours 


Table  23.  Fastener  Type  Installation  Factor. 
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Table  24.  Structural  Box  and  Basic  Structure  Major  Assembly  Factors 
Map  and  Factor  Values. 
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Subassembly  Hours 


H.  - CC.  (WF.) 
i 1 1 


F. 

(WD.)  1 


l 


(11) 


where 

H subassembly  hours,  secondary  structure 
i 

CC.  a series  of  complexity  factors  corresponding  to  component 
type  related  to  subassembly 

WF.  a series  of  reference  cost  per  pound  values  for  secondary 
structure  components  related  to  fabrication  labor 

WD  the  same  series  of  weights  as  for  detail  fabrication 
i 

F.  a series  of  weight  sealing  exponents  for  secondary  structure 
components  related  to  subassembly  labor 

Inputs 


The  inputs  for  these  CERs  follow  the  pattern  established  above: 

(1)  Weights  data  obtained  from  a supporting  computer  program,  the 
secondary  structure  weight  analysis  program. 

(2)  Complexity  factors  obtained  from  complexity  factor  tables. 

(,'l)  Reference  cost  per  pound  data  and  weight-  scaling  exponents. 

Separate  input  data  are  required  for  each  structural  element  since  the  list  of  secon- 
dary structure  components  (and  consequently  the  series  index)  differs  with  each 
element.  Input  data  requirements  are  shown  in  Figure  29.  The  applicable  complexity 
factors  are  obtained  from  Tables  25  and  20,  with  back-up  data  in  Appendix  G. 

The  computer  program  provides  for  seventeen  lines  for  secondary  structure  items 
for  each  of  the  six  computational  elements.  Since  the  cost  estimating  relationships 
are  general  in  nature,  the  listing  of  components  is  abritrary  and  governed  only  by  a need 
for  correspondence  between  the  component  index  and  the  input  data. 

The  reference  cost  per  pound  and  weight  scaling  exponent  values  are  shown  in  Tables 
27  and  28  with  their  model  card  and  back-up  data  location. 

COMPONENT  MAJOR  ASSEMBLY  (SECONDARY  STRUCTURE)  LABOR 

This  task  involves  separate  estimating  approaches  for  aerodynamic  surfaces  and 
fuselage  - nacelles  - landing  gear. 
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INPUT  ELEMENTS 


INDEX 


DETAIL  FABRICATION  & SUBASSEMBLY  HOURS 
FOR  SECONDARY  STRUCTURE,  ALL  ELEMENTS 


SECONDARY  STRUCTURE 
COMPONENT 


INPUT  VALUE 


Weights 


WING: 

Leading  Edge 

Trailing  Edge 

Ailerons 

Fairings 

Tips 

Spoilers 

Flaps  & Flaperons 
Attachment  Structure 
Access  & Other  Doors 
Air  Induction 
High  Lilt  Ducting 
Slats 

I-Iinges,  Brackets,  Seals 
Pivots  & Folds 
Center  Section 
Other 

HORIZONTAL  STABILIZER: 


Leading  Edge 
Trailing  Edge 
Fairings 
Tips 

Attachment  Structure 
Access  & Other  Doors 
Hinges,  Brackets,  Seals 
Pivots  & Folds 
Center  Section 
Elevators 
Balance  Weights 
VERTICAL  STABILIZER: 


Leading  Edge 
Trailing  Edge 
Fairings 
Tips 

Attachment  Structure 
Access  & Other  Doors 
Hinges,  Brackets,  Seals 


Figure  2'J.  NAMELIST  Inputs  for  Secondary  Structure  Detail 
Fabrication  and  Subassembly  Hours. 
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WORKSHEET 


VERTICAL  STABILE/  ER  (Cent.  ): 


Rudder 

FUSELAGE: 

Cockpit 

Nose  Landing  Gear  Door  & Box 

Wing  Reaction  (carry-thru)  Box 

Tail  Attachment 

Windshield  & Canopy 

Main  Landing  Gear  Doors  & Box 

Fuel  Provisions 

Engine  Provisions 

Duel  Provisions 

Stores  Provisions 

Speed  Brakes 

Cabin  Flooring  & Supports 

Windows  & Window  Frames 

Doors  & Door  Frames 

NACELLES: 


Cowlings 

Pylon 

Main  Landing  Gear  Door  & 
Reinforcement 

LANDING  GEAR 


Brakes 

Brake  Controls 
Wheels 
Tires 
01  cos 

Axles,  Trunnions  & Fittings 
Drag  Braces 


Figure  2!).  NAMELIST  Inputs  for  Secondary  Structure  Detail 
Fabrication  and  Subassembly  Hours  (Continued) 
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TYPE  OF  MATERIAL 


Table  25  (Continued) 


TYPE  OF  MATERIAL 


TYPE  OF  MATERIAL 


COCKPIT: 
Reference 
Model  SSO 


Table  25  (Continued ) 


Table  2G.  Secondary  Structure  Subassembly  Complexity  Factors,  CC. 
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TYPE  CF  MATERIAL 
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TABLE  26  (Continued  > 


Reference 
C-5A  Horizontal 


TYPF  OF  MATERIAL 


Model  >, b 0 
A (Xi 


Table  26  (Continued) 


NACELLES  - STRUCTURES 
Reference 


Table -i  . Cost  Per  Pound  Factors  - (\VC.  I Map 


Table  27  (Continued) 


Tabic  -<  ^Continued » 


Ta'nU‘  2'.  Cost  Per  Pound  l-'arlor?  - (UT  i Map 


<)7 


Table.1  -S  (Continued) 
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Table  (Cunt mill'd ) 


Table  (Continued) 
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Aorodv namic  Su  rfaees 


( Fjt  l-'orin 

I\vo  (Fits  are  involved: 


Assembly  Task 


where 


11 

i 


(Wit HP)  ((  SO)  ' 2(FSL)  ' 2(KltL) 
(TJ7)  ( Kl-  .t)  (II  Kh  i(.'Ml>.) 


1 Wit 


2(ltSL) 


H component  major  assembly  hours  for  aerodynamic  surfaces 

i 

W It  It  P root  rib  length  in  feet 

('SO  center  section  operator:  1 without;  2 with 


I'SL  front  spar  length  in  feet 

FltL  end  rib  length  In  feet 

ItSL  rear  spar  length  in  feet 

Wit  size  scaling  parameter 

TJ7  joint  thickness  ratio:  2TS7/0.04 

TS7  average  skin  thickness 

F Fit  factor  for  fastener  selection 

II  111  cost  per  unit  length  for  assembly 

CMR  complexity  factor  for  assembly 

i 

Paint  and  Finish 


(12) 


u he  re 
II 

i 

AS2 

i 

IIS 


II  (AS2  ) (IIS)  (2) 
i i 

hours  for  paint  and  finish 
- surface  area,  ft 

hours  per  square  foot  for  paint  and  finish 


(FI) 
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fuselage  - Nacelle  - Landing  Gear 


CFR  Form 


d\\o  C FHs  arc;  involved: 


II  CIUR  (HUP  ) (\V  ) 1 (14) 

i i i i 

component  major  assemble  hours  tor  fuselage, 
nacelle,  landing  gear 

a series  of  complexitv  factors  related  to  the: 
component  estimated 

a sei'ies  of  reference  hours  per  pound  related  to 
the  component  estimated 

total  weight  of  the  component  estimated 

a series  of  weight  scaling  exponents 

Paint  and  Finis h (Fx dueling  Landing  Gear) 

Same  as  Aerodynamic  Sui  faces  except  not  multiplied  by  2. 

Inputs 

The  values  for  WKKP,  (’SO,  FSL,  FRL,  RSL,  T17,  AS2  and  W are  obtained  from  the 
APAS  program.  These  input  requirements  arc  as  shown  in  Figure  30.  FF3  is  obtained 
from  Table  23.  The  si/.e  scaling  parameter,  WR,  the  cost  per  unit  length  for 
assembly  IIF1,  hours  per  square  fool  for  paint  and  finish,  IIS,  and  RHP  are  summarized 
in  Table  29  with  the  source  table  location  identified.  The  complexity  factor,  CMB,  is 
obtained  from  Table  30. 

Re  wo  rk 


w lie  re 
II 

i 

('Mil 

i 

RHP 

i 

W 

i 

F 

i 


Provision  is  made  for  Ihc  addition  of  a rework  factor  to  consider  rework  in  a given 
cost  study. 


CFR  Form 


A factor  is  applied  to  each  of  the  labor  cost  subtotals  according  to  the  following: 
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_u ru  :;u.  NAME! LIST  Inputs  lor  Secondary  Si  rue  lure  Component  Major 
Assemble  Hoi'  *s. 
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ac 


Rework  Labor  Labor  Subtotal  ■ I 


(15) 


u ho  re 


l ’ rework  factor 


Input  .s 

Hie  value  to  be  used  as  a rework  factor  is  entered  on  the  appropriate  F card,  by  ele- 
ment. The  factor  is  to  be  based  on  the  analyst's  judgment.  This  factor  is  used  at  F- 
card  locations  as  follows: 

Wing:  F fW  ( I , It,  2 and  fi) 

Horizontal.  Stabilizer:  F 121  (1,  2,2  and  (if 
Vortical  Stabilizer:  F 170  (1,  2,  2 and  0) 

Fuselage:  F 220  (1,  2,  2 and  0) 

Nacelles:  F 291  (1,  2,  2 and  0) 

Landing  Gear:  F 22H  (1,  2,  2 and  0) 

STHFCTFRAL  MATERIAL  GOST  FOR  RIBS,  FRAMES,  SPARS,  LONGERONS  AND 
COVERS 


t’FR  Form 


A C’FR  of  the  following  form  is  used  for  estimating  structural  material  cost  for  the 
components  of  the  aerodynamic  surlaees  structural  box  anti  the  fuselage  basis  struc- 
ture. 

(.!  (.  I t I 

M \V  (RMC  ) (SF  ) • W (RMC  ) (SF  ) • W.  (RMC.)  (SF.)  (10) 

i i i i i ill  it 

where 

M.  material  cost  for  ribs,  frames,  spars,  longerons  and 

covers  corresponding  to  inputs 

W.  a series  of  weights  for  the  components  estimated:  ribs,  frames, 

spars,  longerons,  and  covers.  (Weight  of  finished  structure) 

G a series  of  weights  scaling  exponents 

RMC.  a series  of  raw  material  costs  per  pound  for  each  type  of 
component  estimated 

SF.  a series  of  scrappage  factors  related  to  the  material  and 
component  estimated 
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M values  are  stored  bv  the  computer  program  and  aggregated  l»v  structural  component, 
i 

Inputs 

Weights  data  is  the  same  as  was  shown  in  figure  2H.  Raw  material  cost  per  |x>und  and 
sc'ra|)page  factors  are  input  as  shown  in  Figure  .'II  and  arc  categori  zed  as  XAM  F LIST 
variables.  Raw  material  costs  and  serappage  factors  are  obtained,  respectively,  from 
Tables  111  and  .’11’.  A value  of  0.77  is  used  for  (I.  and  is  entered  as  an  F-card  coeffi- 
cient. Sec  Appendix  II,  Rage  ll-l  for  back-up  .lata. 

Raw  material  costs  and  serappage  factors  are  categorized  as  NAM  K LIST  variable's 
because  they  were  felt  to  be  more  subject  to  change  than  the  estimating  coefficients 
for  labor,  which  were  treated  as  model  card  variables.  In  line  with  this  distinction 
their  back-up  data  is  given  in  a separate  appendix,  Appendix  11. 


STRUCT!' ItAL  MA TL RIAL  COST  FOR  SKCONDARV  STRUCTURE 
CKR  Form 


A CKR  of  the  following  form  is  used: 

M WD  ' (KMC  ) (SF  ) (17) 

t l i i 

where 

M material  cost  for  secondary  structure  components 

WD.  a series  of  weights  for  the  secondary  structure  components 

l . 

bemg  estimated 

G a series  of  weight  scaling  exponents 

RMC  a series  of  raw  material  costs  per  pound  for  each  type 
of  component  estimated 

SF.  a series  of  serappage  factors  related  to  the  material 
and  component  estimated 

lfiis  CKR  is  of  the  same  form  as  that  for  basic  structure  material  costs  as  a simplify- 
ing convenience.  It  should  be  noted,  though,  that  the  terms  RMC.  and  SF.  take  on 
different  meanings  in  this  case,  in  the  case  of  basic  structure,  ttie  serappage  factor 
was  defined  in  relation  to  typo  of  construction.  RMC  values  are  derived  from  avail- 
able data,  and  the  term  SF  is  available  for  future  development  as  a complexity  factor. 
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Buak  Structure  Material. 


Table  31.  Primary  Structure  Haw  Material  Cost  Factor  (KMC) 


Aluminum 

Ribs,  Frames,  Spars, 

Aluminum 

Steel 

Titanium 

and  Steel 

Longeron,  anil  Ci'vers  — 

IS.  0 

22.  0 

2H.  (1 

Production  Material 

- 

lkick-up  ilata  appears  in  Apixaulix  II. 


Table  .‘12.  Primary  Structure  Mater  ini  Serappage  Factor  (4F) 


' 1 

“1 

lkiilt-up 

— 

Integral 

Structure 

Material 

Web 

Built-up 

Sheet 

Corrugated 

Web 

integral 

Type 

Type 

Stiffener 

Truss 

Web 

Web 

Stiffener 

Truss 

Ribs,  Frames 

Aluminum 

2.  0 

2.  0 

2.  0 

2.  0 

5.3 

5.  3 

SF1,  SF2,  SI  3 

Titanium 

3.5 

3.  5 

3.  5 

3.5 

5.  3 

5.3 

Steel 

Spars, 

Aluminum 

3.0 

3.  0 

3.  0 

3.0 

5.3 

PSf  1 

Longersons 
SF4,  SF5,  SF(> 

Titanium 

3.0 

3.0 

3.0 

3.  0 

5.3 

B 

Steel 

1 1 

Buiil-up 

Integral 

Structure 

Material 

Skin 

Skin 

Machined 

Type 

Type 

Structure 

Stringer 

Plate 

Sheet 

Covers 

Aluminum 

2.  0 

5.  3 

4.5 

1.  0 

SF7,  Sl'V,  SF9 

TiUuiium 

3.  5 

5.  3 

4.5 

1.  0 

Steel 

1.  0 
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Inputs 

Weights  < 1 : 1 1 a is  the  same:  as  entered  in  Figure  2S.  Cost  j>cr  pound  ami  scrappagc  lacLors 
are  input  as  shown  in  1 igure  .‘Id  to  lie  recorded  as  NAMELIST  variables.  Input  values 
lor  KMC  are  obtained  from  Table  ST  is  given  the  value  of  I pending  further  devel- 
opment  of  this  estimating  concept  and  Table  h i is  reserved  (or  this  development. 

HASH'  STI'd'C  1TKK  ASSKMBLY  MATKKIAL  COST 


CKK  Form 


A CTR  of  the  following  form  is  used  for  each  of  the  stiaictur.nl  components  except 
nacelles  and  landing  gears: 


M 

i 


Primn n Structure  Assemble  Labor 

■ (AM FI  )(FM  I ) 
i i 


(18) 


where 


M cost  of  material  for  primarv  structure  assemble 

i 

AMFI.  a series  of  assembly  material  cost  per  labor  hour  factors 
related  to  the  structural  component  being  estimated 

FM1,  a series  of  complexity  factors  related  to  fastener  type  used 


Inputs 


Primary  structure  assembly  labor  hours  are  obtained  by  using  the  sum  of  the  struc- 
tural box  ;uid  basic  structure  major  assembly  labor  (’Fits,  equations  .‘1  through  9. 
AMFl  values  arc  obtained  through  Table  .'15.  FM1  values  are  required  as  shown  in 
Figure  .'ill,  which  are  in  turn  obtained  from  Table  :>(>.  The  location  of  back-up  data 
is  indicated  in  each  table. 


COMPONKNT  ASSEMBLY  MATERIAL  COST 


CKK  Form 


A CKK  of  the  following  form  is  used  for  each  of  Line  structural  components: 


M. 


Component  Assemblv  Labor  • (AMF2  )(1’M2  ) 

J l i 


(lb) 
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IN  ITT  K I. K MK NTS  - 


SFC<  >NDAKY  STKLOTliKF 
STRLCTiRAL  MAT FK1AL  COST 


INDIAN 


SECONDARY  STRICTCKF 
C(  >M  l’<  )N FNTS 


IN  ITT  VALUE 


Raw  Material 
Cost 
KMC. 


Serappage 

Factor 

SIC 


WIN  Ci 


Loading  Edge 
Trailing  Edge 
Ailerons 


•I 

; i 
('. 
i 

S 

!J 

1 () 
1 J 

I 2 


Fairings 

Tips 

Spoilers 

Flaps  A FI  ape  rons 
Attaehinenl  St ructu re 
Access  & Other  Doors 
Air  Induction 
High  Lilt  Ducting 
Slats 


111 

11 

If. 

l(i 

J 


a 

s 

!) 

t:i 

ii 

ir. 

1G 

17 

1 

■> 

■1 


Hinges,  Brackets,  Seals 
Pivots  and  Folds 
Center  Section 
Other 

HORIZONTAL  STABILIZER 
Leading  Fdge 
Trailing  Kdge 
Fairings 
Tips 

Attach  men:  Structure 
Access  tv-  Other  F(x>rs 
Hinges,  Braekels,  Seals 
Pi\ols  it-  Folds 
Center  Section 
Fie  valors 
Balance  Weights 

VERTICAL  STABIUZHR 
Leading  Fdge 
Trailing  Fdge 
l-’ai  rings 
Tips 


Figure  \\2.  NAMELIST  in|Htts  for  Secondary  Structure  Structural  Material  Cost, 
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WORKSHEET 


SICONDAKY  STRmTIlK 
COMPONKNT 


YFKTICAl.  KTABll.l/FK  (Coni ) 


Attachment  St  ruetu tv 
Access  \ t )i  her  Doors 
Hinges,  Brackets , Seals 
Hndtli  r 
l-TSKi.At  ;i: 

( '.  vkpi  I 

Nose  Landing  dear  Door  liox 
Wine  React  ion  i.ea  rry-tlmi  i Don 
Tail  Attachmcn1 
Windshield  k-  Canopy 
Main  handing  dear  Doors  liox 
I’inal  Provisions 
Knginc  Provisions 
Duct  Provisions 
Stores  Provisions 
Speed  Brakes 
Cabin  Floor  inn  & Supports 
Windows  u Window  Frames 
Doors  N Door  l-Tamcs 
NACFDLFS 
Cot  winns 
Pylons 

Main  Landing  dear  Door  U P. ei ill o re e ments 
LANDING  dFAH 
Brakes 

Brake  Controls 
Wile  ids 
Ti  feS 
( )1  ( ‘OS 

Axles,  Trunnions  & Fittings 
Dr  an  it  races 


INPUT 

VALFF 

Haw  Material 
Cost 

KMC. 

1 

Serappage 

Factor 

SF 

i 

NAMFI.lS'l  Inputs  for  Secondary  Structure 
Structural  Material  Cost  (Continued). 


fable  33.  Secondary  Strut' tu re  Haw  Material  Cost  Factor  (KMC) 


Aluminum 

Steel 

Titanium 

Aluminum 
and  Steel 

Secondary  and 
Other  Structure 
Basic  Material 

-10.  0 

r»o.  n 

70.  0 

50.  0* 

+ Use  when  aluminum  secondary  structure  includes  a steel  pivot. 


Back-up  data  appears  in  Appendix  II. 


Table  IM.  Secondary  Structure  Material  Scrappage  Factor  (SF) 

(This  table  is  reserved  for  future  development  of  factors  indicated  , 
;uid  will  be  of  the  following  form. ) 


Type  of 
Construction 

Matured 

Aluminum 

Steel 

Titanium 

F ib  reglass 

Leading  Edge: 

Typical 

Construction: 

Trailing  Fdge: 

Typical 

Const  ruction 

Etc . : 
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Primary  Structure  Component 

Assembly  Material  Assembly  Material 

AM  FI  A MF 2 
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nr, 


H 

y 

UJ 


Figure  3:’,.  NAMELIST  Inputs  lor  Assembly  Material  Costs 


Table  • > * i . Fastener  Type  Complexity  Factor 
Related  to  Assembly,  l;.M 


TYPK  OF  FASTKNKK 

Aluminum 

(Subsonic) 

Aluminum 
(Supersonic ) 

Steel  and 
Coni|X)Site 

Titanium 

F.M1 

1.0 

2.  ,1 

:i.  o 

:s.  r»o 

FM2 

1.0 

1.7 

1.7 

2. !)() 

w here 

M cost  of  material  lor  component  assembly 

i 

AM F2  a series  of  assembly  material  cost  per  labor  hour  factors 
’ related  to  the  structural  component  being  estimated 

KM 2 a series  of  complexity  factors  related  to  fastener  type  used, 
i 

Inputs 

Component  assembly  labor  hours  are  obtained  by  using  the  sum  ol  equations  12 
and  12  lor  aerodynamic  surfaces  and  equations  l:i  and  1*1  lor  luselage,  nacelles, 
and  landing  gear.  I'M.  values  are  required  as  shown  in  Figure  h.'i,  and  are 
obtained  1 rom  Table  lid. 

PRIMARY  ASSKMRLV  AND  MAJOR  MATK.  Manufacturing  labor  for  these  items  is 
estimated  as  follows: 

Primary  Assembly: 


Primary  Assembly  Hours 


Detailed  Fabrication  Hours  i Subassembly 
Hours  i Major  Assembly  Hours  -•  % Factor 


VO) 
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Major  Mate : 


Major  Mato  Hours 


Dot:  i led  Fabrication  Hours  ; Subussembh  Hours 
■ Major  Assomhh  Hours  Factor 


(21) 


F-Card  locations  where  equations  are  used  are  as  Wdiows: 


Primary  Major 

Assomhh  Mate 


Wing: 

F b!)  -1 

f)9  a 

Horizontal  Stabilizer: 

F 122  1 

122  b 

Vertical  Stabilizer: 

F 17  1 -1 

171  5 

Fuselage: 

1'  227  1 

227  r> 

Nacelles: 

F 2(D)  1 

\r 

200  b 

Landing  Gear: 

F 292  1 

F 

292  f> 

2.3.2  B FC  UR  RING  PRODUCTION 

COSTS  BY  STRUT" 

Tl’RAI. 

Kl.FMKNT 

Heou  r ring 


production  costs  are  estimated  tor  three  alternate  production  quantities:  the  RDT&K, 
or  flight  test  qiuuititios,  and  two  alternate  lull  scale  production  quantities.  Figure  17, 
a printout  of  RDT&K  production  costs,  illustrates  the  output  format,  which  is  the 
same  for  all  quantities. 


The  calculation  of  production  costs  is  a simple  process  of  projecting  first  unit  costs 
by  me:uis  of  :in  appropriate  learning  curve  and  applying  labor  rates  to  convert  to 
dollars.  The  detailed  first  unit  cost  level  of  detail  is  used  for  this  projection  in  order 
to  provide  adequate  trade  study  insight.  Subs! .unions  ol  types  <>|  material  or  con- 
struction c;ui  be  evaluated  from  the  standixunt  of  effect  on  learning  and  resultant 
quantity  costs.  The  explanation  of  the  method  which  follows  is  based  on  the  computer 
program  with  only  one  additional  eqaational  form  being  added. 

The  /-card  option  is  used  lor  learning  curve  projections.  (See  Appendix  A for  a dis- 
cussion of  model  card  functions.)  F -cards  are  used  for  conversion  of  hours  to 
dollars,  for  cost -on-cost  calculations  and  for  totaling.  RDT&F.  costs  ;uid  the  re- 
maining recurring  production  costs  are  handled  in  the  same  way. 

To  illustrate  the  ’/.-card  option,  the  model  card  entry  at  (dob,  1)  will  be  used, 
ill i s is  the  calculation  for  recurring  production  costs  for  the  Wing,  Structural 
Box,  Bibs,  Detailed  Fabrication  hours  and  appears  as: 


•/:i:ib  1 29  :n  l i*N2  wnc.  pniwnc.  itii  wno 


The  7 in  the  first  column  indicates  use  of  the  /-card  convention.  The  numbers  33  b 1 
indicate  the  SAV  matrix  address  at  which  the  ealculaton  results  are  entered.  The 
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number  2!)  signifies  Uie  use  ol'  Ti'.RM  2!)  as  ;ui  equational  form.  The  numbers  23  1, 
whieh  constitute  ;ui  entry  in  the  first  sub  field  for  entry  of  parameters,  is  the  SAV 
matrix  address  where  the  previously  calculated  first  unit  cost  of  wing  rib  detailed 
fabrication  labor  is  stored.  The  remaining  entries  are  three  additional  parameters 
used  in  the  calculation: 

P\T2  WNti  The  starting  quantity  for  the  calculation 

PN4  WNC’i  The  ending  quantity  for  Li.e  calculation 

PC'  1 1 WNG  The  relevant  learning  curve  factor 

The  meaning  of  these  parameters  is  determined  by  the  equational  form  specified, 
TFRM  2!)  in  this  ease.  TFRM  2!)  is  of  the  following  form: 


Cost  estimated 


(22) 


where 

PI 

First  unit  cost 

P2 

The  beginning  point  of  the  projection 

P3 

The  ending  point  of  the  projection 

i 

The  series  of  production  units  covered 
in  P4 

X 

, where 

In  2 

P-1 

The  relevant  learning  curve  factor  expressed  as  a decimal 
fraction. 

The  computerized  calculation  procedure  is  embodied  in  the  COSTC  program. 

An  example  of  a cost-on-cost  relationship  is 
T 1140  1 (339,1)  • RM  WNG, 
whieh  trmislates  as 

F 1140  1 Labor  cost  in  dollars  of  the  structural  box  detail  fabrication 

hours 

(339,  1)  The  structural  box  detail  fabrication  hours  subtotal  from  the 

SAV  matrix  address. 

RM  WNG  Manufacturing  labor  rate. 
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The  entry  (.'l.'i'.),  ll  is  produced  by  : i n 11-curd  operation  from  the  model  card 


R.Tli)  I C)  :i  I .'ilia  I . 

The  11 -curd  function  is  discussed  in  Appendix  A.  Table  37  serves  Lo  summarize  the 
above  discussion  by  giving  the  cross  reference  between  the  cost  output  and  model 
cards  for  Wing  llecu>  ring  Production  Costs  (SG  units  in  the  demonstration  case). 
KDTK-K  ;uul  Recurring  Production  Costs  for  the  live  othei  hardware  elements  follow 
similar  patterns  that  can  be  readily  identified  within  tlie  model  card  structure. 

2.3.3  NONlieCflllllNCi  DFSRIN  AND  JJKVK 1 .OPMKN'  I . Nonrecurring  design  and 
development  costs  arc  estimated  by  a series  of  CKKs  covering  the  following  cate- 
gories of  cost: 

a.  basic  Structure  Design  engineering  Hours 

b.  Configuration  Design  engineering  Hours 

c.  Configuration  Design  engineering  Dollar  Cost 

d.  engineering  Material  Dollar  Cost 

e.  Total  Trade  Study  engineering 

f.  basic  Tool  Manufacturing  Hours 

g.  Hate  Tooling  M;uiufacturing  Hours 

h.  Total  Tool  Miuiufacturing  Hours 

1.  Total  'Tool  Manufacturing  Dollar  Costs 

j.  basic  Tool  engineering  Hours 

k.  Hate  'Tool  engineering  Hours 

l.  Total  Tool  engineering  Hours 

m.  Total  Tool  engineering  Dollar  Costs 

n.  Miuiufacturing  Development  and  Plant  engineering  Hours 

o.  Miuiufacturing  Development  and  Plant  engineering  Dollar  Costs 

p.  'Tooling  Material  and  Other  Dollar  Costs 

q.  Manufacturing  Support  Dollar  Costs 

r.  Duality  Control  Hours 

s.  Duality  Control  Dollar  Costs 

Table  Ii8  shows  the  interrelationship  between  ceils  by  equation  number,  the  cost 
printout,  and  the  controlling  model  card.  Two  of  the  above  categories,  basic 
Structure  Design  engineering  Hours  and  basic  Tool  Manufacturing  Hours,  are 
estimated  by  structural  element.  'The  remainder  are  estimated  at  an  aggregate 
level.  The  Ceils  to  provide  the  estimates  are  as  follows: 

BASIC  STRUCTURE  DeSICN  ENGINF TIRING  HOURS 


CRH  Form 

Den.  en.  (WAMPR.)hh 


(23) 


Table  37.  Cost  output  ;uk!  Model  Card  Cross  Reference 
Wing  Recurring  Production  Costs. 
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lU-wurk 


Table  3S.  Cost  Output,  CER  Equation  Number,  and  Model  C arc!  Cross  Reference 
Nonrecurring  Design  anti  Development  Costs. 
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qualit;.  Cuntrol  H<>u 


where 


DKII 

i 


WAMl'K 

i 

KK 


Design  Kngineering  Hours 

Kmpirical  estimating  coefficient  by  slruetural 
eom|K)nent 

AMIMt  weight  of  the  slruetural  comjxmont  being  estimated 
Sealing  exponent  of  engineering  hours  to  weight 


Inputs 

this  CKH  entails  two  types  of  inputs: 

(1)  Weights  data  input  from  the  weights  analysis  program. 

(2)  Kslimating  coefficients:  the  emprirical  coefficients,  KII,  ;ind  the 
sealing  exponent,  KK,  are  based  on  historical  data.  KII  is  a NAMKKIST 
va.'able  and  KK  is  a model  card  input  at  locations  K (115  1 thru  G. 

BASIC  STBCCTCHK  DKS1C.N  KNCINK K1UNC1  DOLLAR  COST 

CKB  Form 

DKD  DKII  ' KCI.H  (24) 

where 

DKD  Basie  structure  design  engineering  dollars 

KCI.H  Kngineering  composite  labor  rate 

Inputs 

KCI.H  is  input  as  a NAMKKIST  VAIUABKK.  It  is  subject  to  variation  due  to  time, 
manufacturer  and  the  nature  of  the  engineering  task  ;md  is  to  be  provided  by  die 
cost  analyst  according  to  the  problem  at  hand. 

input  Data  Sources 

The  derivation  of  the  above  estimating  coefficients  is  described  in  Volume  l. 

Values  for  KII  and  KK  are  summarized  in  Table  ,'U).  Back-up  data  is  given  in 
Appendix  1.  MI  is  a NAMKKIST  variable,  KK  is  a model  card  entry. 
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Table  ,T.L  Engineering  Labor  CKI!  Coefficients 


Structural 

-iubsystem 

Coefficient 

Wing 

1 lorizontal 
Stabil  i y.er 

Vertical 

Stabilizer 

1 .unding 
Gea  r 

EE  , sealing  exponent 
i 

0.  GO 

0.  GO 

0.  GO 

0.  GO 

0.  GO 

0.  GO 

Eli.,  estimating 
coefficient 

540 

428 

400 

1200 

1200 

5G0 

The  trade  study  ;uul  system  costing  method  use  common  factors  in  estimating  non- 
recurring design  and  development  costs. 

CONFIGURATION  DFS1GN  ENGINEERING  HOURS 


CER  Form 


CDF II  DEII  < FI 


(25) 


where 


CDKII  Configv ration  Design  Engineering  Hours 

Fl  --  Factor  for  Configuration  Design  Engineering  Hours 


Inputs 

The  factor,  Fl,  is  a percentage  factor  increasing  basic  structure  design  engineering 
hours  to  add  configuration  design  engineering.  Fl  is  a model  card  input  at  F GIG  7, 
and  its  value,  based  on  an  historical  average  derived  in  Appendix  1,  is  1. 15  for  a 
complete  airframe  and  0.G7  for  basic  structure  or  an  individual  structural  subsystem. 

CONFIGURATION  DESIGN  ENGINEERING  DOLLAR  COST 


CER  Form 


CD  ED 


CDEII  ■ EC  Lit 


(2G) 


whore 


('l)l-  I)  Configuration  Design  Engineering  Dollar  Costs 

ECI.K  Engineering  Com)X)silo  Labor  Hate 

Inputs 

No  additional  inputs  are  required. 

K N Ci IN  C EKING  MATFK1A1 . 

C EH  Co rni 

HMD  CDFD  F2  (21) 

where 

HMD  Engineering  Material  Dollar  Cost 

F2  A Percentage  Factor  Applied  to  configuration 

design  engineering  dollar  cost 

Inputs 

1'he  value  of  F2  is  input  as  a model  card  term  at  (F  017  8).  A value  of  0.  15,  based 
on  available  cost  histories  is  programmed  into  the  present  model.  Variations  arc 
to  be  provided  by  the  cost  analyst. 

TOTAL  T1CADF  S TUDY  ENGINE  EKING 

This  is  a summing  ope  ration,  Configuration  Design  Engineering  Dollar  Cost  plus 
Engineering  Material  Dollar  Cost,  performed  by  F-Card  F 018  8. 

BASIC  TOOL  MAN  C FAC  IT  KING  HOURS 


Ci, H Form 

FT 

BI'MII  IMF  (WAM  PH  ) 

i i F 

where 

B I'MII.  Basie  Tool  manufacturing  hours 


(28) 
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I'M  F. 


Hmpi  rival  estimating  coefficient  by  structural  com]xment 
Scaling'  exp ment , tool  manufacturing  hours  to  weight 


i'wo  additional  inputs  are  required.  IMF  is  a NAMHHIST  variable  obtained  from 
Table  40.  FT  is  a model  card  inpul  appearing  at  <F  (ill)  1.  . . 0).  lls  value'  has 
been  derived  as  0.7 5.  Back-up  data  is  contained  in  Appendix  1. 


BATH  TOO!.  MAXF  FACTFRINC  MOHRS 


CHR  Form 


\ ^ HR 

RT.M1I  ( 2J  BTMH.)  (TAM  -])  (29) 

where 

7>TMli  (019,  7)  SAV  Matrix  summation 

RTMIi  Rate  tool  manufacturing  hours 

TAM  Monthly  production  rate 

HR  - Hx]X)ncnt  for  scaling  of  rate  tooling  to  production  rate 

til  (AltS 

TAM  is  a NAM  HITS’!  variable  and  is  obtained  from  programmatic  data.  HR  is  a 
model  card  in ] Ait  appearing  at  (F  G20  7)  and  (F  G21  7).  Its  value  has  been  determined 
by  current  manufacturing  experience. 

TOTAH  TOOH  MANUFACTURING  DPI  .FAR  COSTS 

CHR  Form 


TTMD  = TTMll  ' T1IC  (90) 

where 

TTMD  Total  tool  manufacturing  dollar  costs 

TTMll  - Total  tool  manufacturing  hours 
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Table  40.  tool  Manufacturing  Hours  CKR  Coefficients. 


] 20 


Supersonic  1820.  1050.  S40.  ' ' 1740. 

i2 . S i 

(1.4i  _ 


lM'MIl  yd  BTM1I  (021,7) 


Tilt’  Tool  mmuifaeturing  labor  cost  jicr  hour 


Inimls 

Tilt’  is  a NAM  El.IST  variable.  Its  value  is  based  on  labor  rate  information. 
BASIC  TOOl.  ENGINE EKING  HOURS 


C KB  Fo  rm 

u riiii  ( y htmii  ) u,3  (:n) 

where 

BTEH  Basie  tool  engineering  hours 

F3  Decimal  percentage:  ratio  of  basic  tool  engineering  to  basic 

tool  manufacturing  hours . 

Inputs 

The  additional  input  is  the  factor  F3,  appearing  at  (F  (522  7).  This  is  a model  card 
input  whose  value  is  based  on  historical  data.  See  Appendix  I. 

KATE  TOOK  ENGINEERING  HOURS 


CER  Form 

RTF  1 1 (HTMII)  F4  (32) 

where 

RTEIi  Rate  tool  engineering  hours 

F4  Decimal  percentage:  ratio  of  rate  tool  engineering  hours 

to  rate  tool  manufacturing  hours. 

Inputs 

F4  is  a model  card  input  appearing  at  (F  623  7).  Its  value  is  based  on  historical 
date.  An  average  value  is  20% based  on  taking  one-half  of  F3. 


127 


i o i ai  mm,  KM’iiN !■; f.h in c i doui.ar  cos  rs 


l ' K H Fo  r m_ 

! I KD  I 1111  • TKC  (33) 

W lU'l’L' 

TTK1)  Total  tool  engineering  dolla r costs 

TTKII  Total  tool  engineering  hours: 

H Ti  ll  ■ ICTKI1 

'TKC  Tool  engineering  labor  rate 

Inputs 

I'KC  is  a NAMKULST  variable.  Its  value  is  based  on  lalxn'  rate  information. 
MANUFACTURING  DKVK1.0PMKNT  AND  PLANT  ENGINEERING  HOCKS 
CKR  Form 

MDPKII  TTMIl  - T’5  (114) 

where 

MDPKII  Manufacturing  Development  and  Plant  Knginoering  Hours 

F5  Decimal  percentage:  ratio  of  MDPKII  to  total  tool  manufacturing 

hours. 

Input;; 

K 5 is  a model  card  input  at  (F  G25  7).  Its  value  is  based  on  historical  data,  :uul  an 
average  value  is  2'i . 

MANUFACTURING  DKVF  I.UPMKNT  AND  P HAN'T  ENGINEERING  DUUKARS 
CKR  Form 

MDPKD  MDPKII  ■ TDC  (35) 
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wIlCl'C 


MDPFD  Manufacturing  Development  and  Plant  engineering  Dollars 

TDC  Comjiosite  labor  rate; 


In  I )UtS 

TJX'  is  a NAM  Kl. 1ST  variable.  Its  value  is  based  on  labor  rate  information. 
moi.lNC/i  MA’I  KHIA I . AND  UT11FR  DOLLAR  POSTS 
CPU  Porni 

TMOl)  TTMII  - FG  Cl G) 

where 

TMOD  Tooling  material  and  other  dollar  costs 

FG  Per  hour  allowance  for  tooling  material  and  other 

costs  (S/hr) 

Ini  juts 

The  factor  FG  is  a model  card  input  at  (f  G2G  8).  Its  value  is  based  on  historical 
data.  An  average  value  is  $1.00  per  tool  manufacturing  hour  based  on  F-10G,  F-102, 
13-58  :utd  F-lll  ex]Jerience. 

M AN  F FAC  TURING  SUPPORT  DOLLAR  COS  TS 


CFR  Form 

MSD  CDFD  • F7  (37) 

where 

MSD  Manufacturing  support  dollars 

F7  Decimal  percentage:  ratio  of  MSD  to  configuration  design 

engineering  dollars 
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Inputs 


17  is  a mode  l card  input  at  (F  (127  h).  Its  value  is  based  on  manufacturing  experience, 
tjl  ALjTY  CONTROL  1IOFKS 
C Kit  Form 

tit’ll  (CDFI1  ■ F8)  • fl'TMIl  ■ F9)  (38) 

where 

C'CII  duality  Control  hours 

FS  Decimal  traction:  ratio  of  dCII  to  con  figuration  design  engineering 

Ft)  Decimal  traction:  ratio  of  dCll  to  total  tool  manufacturing  hours 

hi  puts 

Fy  and  F9  are  model  card  inputs  at  (F  028  7).  Their  values,  based  on  manufacturing 
experience,  are  respectively,  D :uid  6C . 

ufafity  control  dollar  costs 

C Fit  Form 

C)CD  ()C  1 1 ■ KQC  (39) 

1U^C  equality  Control  labor  rate 

Inputs 

!!(.)('.  is  a NA.MFLLS T variable.  Its  values  is  based  on  labor  rate  information . 

2.3.4  KECFKHINC  AIRFHAMK  FlvODCC  lTON  COSTS  (SUMMARY).  A summary 
format  for  recurring  airframe  production  costs  is  also  furnished  as  part  of  the  cost 
breakdown  and  computer  output.  Table  41  provides  the  cross -refer  enoc  between 
cost  output  and  model  card.  Figure  34  is  a sample  computer  printout  Lor  the  summary. 
As  was  the  ease  for  recurring  airframe  production  costs  by  structural  elements,  the 
description  of  calculations  that  follows  is  oriented  to  the  computer  program. 

The  items  of  cost  that  are  summarized  consist  of: 
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Table  41.  Cost  Output  and  Model  Card  Cross  Reference 
Recurring  Production  Costs  (Summary!. 


I 
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Equation  (42)  is  used  at  each  ot  these  points. 


> 

" > r i 

U 1 


r t .r 
L - i 
.»  r ■; 


Figure  .34.  Recurring  Airframe  Production  Costs  (Summary). 


Sustaining  Tooling  Hours  and  Dollars 


Mmnifarturing:  Detailed  Fabrication  Hours  ;unl  Dollars 

Subassembly  and  Assembly  Hours  and  Dollars 
Primary  Assembly  :uul  Major  Mate  Hours  and  Dolla-.-* 

Quality  Control  Hours  and  Dollars 

Material  by  Structural  F lenient 

Primary  Assembly  and  Major  Mate  Material 

These  items  are  repealed  lor  HDT&K  production  units  anti  tor  each  of  the  alternate 
production  quantities.  The  discussion  that  follows,  and  Table  41,  applies  only  to 
KDT&K  tuiits.  Procurement  articles  follow  similar  jxittems  that  can  be  readily 
discerned  within  the  model  card  structure.  To  illustrate,  the  sequence  of  model 
card  calculations  for  the  KDTMF  summary  that  runs  from  F (330  7 to  FG38  8 is 
re]X>ated  for  the  first  quantity  of  procurement  articles  in  the  sequence  of  model  cards 
from  F (340  7 to  F G48  8. 

The  conversion  of  hours  to  dollars  is  a repetitive  process  that  follows  the  procedures 
already  described  above.  These  calculations  occur  at  (G30,  8),  G31,  8),  (G32,  8), 

(G33 , 8),  (G34 , 8),  and  (G35,  8). 

SFSTAJN1NG  i:\tilN KKR1NG  HOURS 

___  0 . 2 

S F 1 1 (DFH  • CDK1I)  (PN2  -1)  (40) 


where 


SK11  Sustaining  engineering  hours 

DIM  I and  CDK1I:  See  liquations  (23)  and  (25) 

PN2  RDT&K  number  of  units 

SUSTAINING  TOOUNG  HOURS 

0.  14 

ST11  (TTM1I  • TTF11  • MDPDII)  (PN2  -1)  (41) 

where 

STH  Sustaining  tooling  hours 
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I I'M  1 1 


'I’otal  tool  manufacturing  hours 


mill  Total  tool  engineering  hours 

MPPFll  M'g.  development  :md  j)lant  engineering  hours 

MAXI  FACTFRINC.:  DKTAIl.HD  FARR  1C  ATK  )N: , SUBASSKMRI.Y  AMD  ASSliMRI.V 
AND  MATKRIA 1.  COSTS 

These  three  items  oT  eosts  are  handled  in  exactly  tile  same  way  as  described  for  the 
progress  curve  projection  procedure  for  recurring  production  costs  for  structural 
elements,  except  that  in  using  the  '/-card  convention,  TFKM  H I is  list'd  dor  KDTKH 
units).  I'FKM  24  is  of  the  following  form: 

P2 

Cost  estimated  PI  E iX  (42) 

i 1 

where 

PI  First  unit  cost 

P2  The  number  of  RDT&K  miits 

In  P3 

x where 

In  2 

P3  Hie  relevant  learning  curve  factor  expressed  as  a decimal 

fraction. 

For  the  projection  of  costs  for  procurement  articles,  THRM  2'J  is  again  used  in  the 
manner  described  in  Section  2.3.2. 

PK1.MA I IV  ASS F Ml i 1 , V AND  MA1QR  MATK  lloi'RS 

M M I [(032,  7)  • (033,  7)]  (MMPCT1.) 

where 

MMPCTi,  Percentage  factor  (43) 

QFAl  I'TY  CONTROL  HOURS 

QCII  [(032,  7)  * (633,  7)  * MMh]  QCF  (44) 
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whore 


ijlT  (.,)/(  percentage  factor 


I’lilMA  liV  \FHI  Ml'.  I Y AND  MAT  )li  MA'I  I _MA  IT.IilA  I. 
M MM  (GAG , S)  x MMF 


<4i5) 


where1 


(GAG , S)  Summation  of  material  costs  for  structural  elements 


MMF  Major  mate  material  percentage  factor 


T 5 ('( ).M  1M.KX1TY  FACTOIDS.  The  development  of  first  luiit  costs  as  elcscribeel 
above  mahes  extensive  use  of  eoni])lcxity  factors,  'l'hcse  arc  also  used  to  a lesser 
degree  in  the  development  of  nonrecurring  design  ;.uul  development  costs. 


Complexity  factors  are  used  in  the  current  methodology  as  a segment  of  an  overall 
costing  process.  The  costing  process,  as  illustrated  in  Figure  35,  can  be  thought 
of  as  having  basically  three  inputs:  historical  costs  through  the  mechanism  of 
estimating  coefficients,  hardware  definition  translated  as  size/weight,  and  hardware 
definition  translated  as  complexity.  These  inputs  interact  within  the  costing  relation- 
ships to  produce  the  cost  estimate.  Definition  of  the  hardware  has  the  element  of 
si/.e  ;uul  complexity . Defining  these  two  elements  is  sufficient  to  provide  a suitably 
unambiguous  sjiocifi  cation  of  the  hardware.  The  complexity  of  any  piece  of  structure 
is  reflected  in  the  material  and  the  type  of  construction  used.  The  complexity 
associated  with  a given  material  and  construction  technique  cam  be  symbolized  by  a 
numerical  complexity  factor. 


The  numerical  complexity  factors  are  developed  from  a detailed  analysis  of  the  candi- 
date structures  ;uul  materials.  The  first  step  in  tills  process  is  the  selection  of  a 
nominal  structural  element  that  provides  a model  of  the  manufacturing  approaches 
for  that  structure.  This  defines  a baseline,  which  is  assigned  a reference  com- 
plexity of  one. 


Other  structural  approaches  using  different  materials  and  construction  techniques 
are  defined.  1’he  manufacturing1  processes  for  bo  Hi  the  baseline  mid  alternate 
structures  are  then  identified  and  listed.  From  both  historical  and  projected  labor 
data,  hours  can  then  be  assigned  to  the  various  manufacturing  processes.  This 
results  in  a number  of  hours  being  associated  with  each  specific  type  of  material  and 
construction  technique  as  a variation  of  the  nominal  structural  element. 
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Figure  35.  Costing  Process. 


liy  < t i \ iding  the  mmihri'  of  hours  lor  each  malerial  roiisi  ruotiop.  m - hn i < |ii< ■ combination 
b\  tho  number  of  hours  r c'( ji i i no  1 lor  the  baseline,  wo  arrive  .d  a complexity  factor 
for  each  hox  ol  flic  material  -const  ruction  leilniuue  matrix.  The  flow  of  this  process 
is  shown  m figure  itti.  An  example  ol  a completed  material  const  ruction  technique 
matrix  for  rili  detail  lubrication  was  shown  in  Talile  1).  A sample  of  the  detailed  esfi 
mates  used  to  generate  heair  requi  rein  <nts  for  the  different  lyjK's  of  consfrudion  and 
material  appears  In  Figure  .‘17.  The  complete  set.  ol  complexity  factor  tallies  was 
shown  in  Section  2.  .'i , and  these  are  hacked  up  by  projected  cost  data  included  in 
Appendix  tk 

For  each  type  of  construction,  a sketch  defines  the  s|iecilics,  such  as  number  of  rails, 
web  parts,  number  of  machined  surfaces,  number  ol  stiffeners,  etc.  A nominal  size 
was  defined  to  make  the  different  design  approaches  hi  ribs,  spars,  a.nd  covers  com- 
parable on  a complexity  factor  basis . For  each  piece  of  detail  st  ructure,  the  manu- 
facturing operations  were  identified  that  art  required  te  manufacture  each  piece. 

These  included  such  operations  as  those  shown  in  Figure  37.  saw  set  up,  edge  burring, 
router  set  up,  routing  of  cutouts,  processing  to  specifications,  identifying  and  in- 
specting, etc  Where  assembly  was  required,  these  operations  were  identified  and 
included  clamping  in  place,  hole  drilling  riveting,  welding,  identifying  and  inspecting, 
etc. 


Complexity  factors  for  secondary  structure  are  less  well  defined  because  distinctions 
in  'vpe  of  construction  are  not  as  well  defined.  For  secondary  structure,  complexity 
factors  have  been  developed  by  mialogy  from  historical  data  and  by  industrial  engineer- 
ing studies  that  evaluate  the  impact  and  relative  cost  effect  of  selected  design  alter- 
natives. The  secondary  structure  complexity  factors  are  contained  in  Tables  27, 
and  2(>.  Fse  of  these  tables  requires  selection  of  a suitable  analog  or  minings  as  a 
jxiint  of  reference  for  selection  of  a suitable  complexity  factor. 

The  use  of  complexity  factors  in  the  estimating  process  at  the  level  of  detail  depicted 
above  provides  a great  deal  of  flexibility.  New  ty|x:s  ol  structure  c;ui  be  analyzed 
from  the  standjxiinl  of  impact  on  manufacturing  processes  ;uul  the  resultant  impact  on 
cost  determined.  Some  anomalies  occur,  however,  since  the  historical  data 
does  not  always  confirm  presupposed  patterns  of  cost.  The  detailed  study  as  to  the 
reasons  for  such  ambiguity  is  beyond  the  scope  of  this  study. 

2.  it.  G DKK1VATI0N  OF  FST1M  ATLNG  t’OF  FFR’IENTS.  A summary  of  cost  elements 
for  which,  baseline  coefficients  were  developed  is  shown  in  Figure  lift.  Historical 
cost  data  was  collected  for  each  of  the  cost  elements  ef  the  matrix,  kills  basic  cost 
data  was  normalized,  where  appropriate,  by  making  use  of  the  complexity  factors. 

The  construction  and  material  type  for  each  of  the  cost  elements  was  identified  ;uid 
the  appropriate  complexity  factor  divided  into  the  baseline  cost.  1 he  effect  of  this 
procedure  is  to  reduce  all  the  data  prints  to  a common  basis  to  which  a complexity 
factor  of  one  con  be  applied. 
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SELECTION  OF  NOMINAL 
STR U C Tl'R  A L E L i : M E N T 
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Figure  36.  Development  of  Complexity  Factors. 
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Figure  38.  Summary  of  CFR  Coefficients. 

Once  the  normalized  data  for  the  cost  elements  has  been  plotted  on  log-log  paper,  the 
problem  becomes  one  of  simply  determining  the  line  that  can  best  represent  the  ad- 
justed data.  The  two  basic  parameters  define  the  CKR  line:  the  slope  of  the  line  and 
the  intercept  of  the  y axis  where  the  value  of  the  x axis  (weight)  is  one  pound . Based 
on  a composite  plot  of  all  cost  data  and  the  results  of  previous  research,  in  particular 
References  1,2,  and  3 , a constant  exjionential  scaling  relationship  was  used.  With 
the  slope  of  the  curves  specified,  each  y intercept  was  determined  by  fitting  the 
fixed  slope  line  to  the  data  available  for  each  cost  element.  A cost  plot  showing  the 
technique  for  the  rib  detail  fabrication  is  shown  in  Figure  39.  Back-up  data  charts 
lor  each  ol  the  CFRs  appear  in  Appendix  F.  The  curve  lit  line  is  not  plotted  on  these 
charts  since  they  arc  expected  to  clumge  with  the  addition  of  new  data.  Values  used 
were  determined  by  plots  on  work  sheets. 
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WFIGHT  (ih) 

Figure  3!).  Detail  Fabrication  Hours  Versus  Weight  for  Ribs 
with  Complexity  Factor  normalized. 

2.4  PROGRAM  OPERATION  AND  INSTRUCTIONS 

This  section  discusses  additional  considerations  involved  in  the  full  set  of  trade  study 
cost  estimating  computer  programs.  As  the  method  is  currently  structured  each  of 
the  programs  depicted  in  Figure  1 operate  independent ly,  ;ind  data  is  transferred 
manually  between  them. 

2.  4.  1 COMPUTER  PROGRAM  INTEGRATION.  The  elements  of  the  estimating  method 
have  been  designed  to  operate  in  a modular  mode,  as  opixjsed  to  being  hard-wired, 
for  two  reasons:  (1)  Each  of  the  elements  is  in  a state  of  development  anti  changes  in 
input/output  are  to  be  expected  ;uid  (2)  It  was  desired  to  have  the  capability  of  opera- 
ting the  costing  program  indeixjndent  of  the  structural  synthesis  program,  limited, 
of  course,  to  those  cases  where  the  necessary  input  data  could  be  provided  manually. 

hi  the  modular  mode  then,  coordination  of  the  programs  is  accomplished  by  means  of  a 
set  of  instructions  covering  input  development,  the  preparation  of  input  cards,  and 
the  set-up  of  the  computer  deck  for  the  desired  operation.  Section  2.3  provided  the 
general  instructions  for  input  development  :md  identified  input  sources.  Specific 
instructions  for  operation  of  the  supporting  programs  and  the  transfer  of  relevant 
input  data  are  given  next. 
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12.  I .2  nPKjiATlON  OF  SI'  IM’OKTl  N<  1 P RU(  IRA  MS  . The*  sequence  of  operations  lor 
l.hi'  programs  involvtxl  in  analyzing  aerodynamic  surfaces  is  shown  in  Figure  10. 

\!so  shown  is  the  list  of  worksheets  used  in  Llie  transfer  of  data.  An  illustrative  set 
ol  these  wo rks heels  is  included  and  discussed  in  Appendix  .1 . 

Worksheets  1,  1,  and  r>  are  the  final  output  of  the  aerodynamic  surfaces  supporting 
programs.  (The  combined  weight  statement  appears  as  Table  i.)  These  data  arc 
entered  as  N AMI-  LIST  variables.  ’They  are  identified  by  means  of  the  coding  on  the 
NAM  T LIST  Variable  Dictionary  in  Appendix  I),  w hich  also  identifies  the  worksheet 
location  ot  t he  input. 

The  sequence  oi  operations  for  the  programs  involved  in  analyzing  the  fuselage, 
nacelles  and  landing  gear  is  shown  in  Figure  11.  Also  shown  is  the  list  of  work- 
sheets ust'd  in  the  transfer  of  data.  The  situation  parallels  that  of  the  aerodynamic 
surfaces.  In  this  case  worksheets  h and  4 are  the  final  output  of  the  supporting 
programs.  Further  material  is  included  in  Appendix  D. 

L2.4..H  T1MK  SHAKING.  The  use  of  Interactive  Graphics  was  investigated  as  part 
of  this  study.  From  the  results  it  appears  tliat  time-sharing  using  an  1NTLRCOM 
type  system  oilers  significant  advtuitages.  A discussion  of  Interactive  Graphics 
benefits  ;uid  time-sharing  using  INTLRCOM  is  provided  in  Volume  1. 

’NTLItCoM  is  being  used  as  part  of  the  installation  at  AFFDL.  it  provides  a simpli- 
fied procedure  for  making  NAML LIST  and  model  card  changes.  These  arc  made  at 
a deskside  terminal  that  displays  a card  tuul  provides  for  a change  in  the  card  as  a 
keyboard  operation,  ’this  capability  is  especially  significant  for  maintaining 
currency  in  estimating  coefficients  as  new  data  indicates  a need  for  revision  and  for 
changes  in  the  CL  Its  themselves. 
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Figure  41.  Supporting  Synthesis  Programs  for  Fuselage 
Nacelles,  Landing  Gears. 


SUCTION  111 


Aim  KAMI';  S\STFM  COST  FST1M  AT1NG  MFTIIOl) 


The  system  cost  estimating  method  is  deseribed  in  this  section.  User  instructions  lot 
making  ;ui  estimate  are  provided.  The  system  method  does  not  require  the  use  of  the 
previously  described,  supporting  structural  synthesis  programs.  A group  weight 
statement  and  design  information  art'  the  principal  sources  of  input  information.  The 
research  leading  to  the  development  of  the  method  is  covered  either  in  Volume  1,  or 
in  previous  n porls  as  referenced. 

li.  1 COSTS  KST1MATKI) 


Costs  arc  estimated  for  each  of  the  airframe  subsystems  as  shown  in  Figure  42. 


engineering  Tool'  Mfg.  Manufacturing 
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Figure  42.  Airframe  System  Cost  estimating  Structure 
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I’ll.  dilb  i ml  catego ric.s  ol  cost  mlpuls  pn>\ ided  consisl  of; 

a.  Nonrecurring  Design  and  I Jevelopmenl  Costs 

b.  First  l nit  Manufacturing  Cosls 

c.  Recurring  Airframe  I 'induct  ion  Costs 

Shown  in  Section  I.  l.d,  Figures  14  through  17,  arc  computer  printout  examples  ol 
each  ot  these  types  of  cost  output.  The  hardware  components  listed  comprise  the 
'airframe"  when  related  to  system  costing  methodology.  The  capability  tor  alternate 
product  ion  quant  it  i es  is  the  same  as  tor  the  I rade  study  method.  Production  quantities 
are  again  obtained  b\  learning  curve  projections  ol  first  unit  costs. 

The  system  cost  formats  are  laid  out  and  programmed  lor  later  expansion  in  the  case 
ol  first  unit  cost.  I’nder  the  present  approach  the  subsystems  are  estimated  by  a 
combined  labor  and  material  CKR.  With  the  acquisition  of  additional  data  it  should  be- 
come possible  to  make  separate  labor  and  material  estimates,  as  illustrated  by  the 
format  in  figure  Id. 

COST  MODKb  COM  Pl'TKR  PROGRAM  MODULI-: 

The  computer  program  for  the  system  cost  estimating  method  is  a module  of  the  trade 
study  program,  as  .slated  previously.  This  module  uses  SAV  matrix  lines  700  through 
TIM*.  The  number  of  lines  used  is  kept  to  a minimum  for  computer  efficiency  and  may 
be  increased  by  a simple  change  in  the  DIM  KNS10N  statement  in  the  COSTC  program. 
’1'he  details  of  the  computer  program  remain  unchanged  for  system  costing'  operation 
except  that  only  a subset  of  the  model  card  dock  is  used:  that  pertaining  to  the  cards 
corresponding  to  the  section  described  above.  Input  organization  is  simplified  and  is 
desettbi  d in  connection  with  the  discussion  of  cost  estimating  relationships. 

Additional  material  describing  the  system  costing  computer  program  module  is  cov- 
ered in  Appendix  K.  This  consists  of  a computer  listing  of  input  elements,  the  pro- 
gram module  listing  of  model  cards,  a NAMKL1ST  variables  dictionary,  and  a sum- 
mary of  estimating  coefficients,  back-up  data  for  which  are  given  in  Appendices  1 and 
L.  The  NAMKITST  variable  dictionary  serves  as  iui  input  summary  table  in  lieu  of 
the  individual  input  summary  tables  by  cost  category  used  for  the  trade  study  method. 

3.  ;t  COST  KSTIMATINC  RKLATIONSIIIPS  AND  INPUT  DKSCK1PTION 

A summary  of  the  system  cost  estimating  approach  is  given  in  the  following  sections 
for  each  of  the  major  categories  of  cost.  A complete  description  of  CKlts,  the  result- 
ing input  requirements,  input  sources,  ami  references  to  back-up  data  are  provided. 
Tables  are  provided  for  cross  referencing  cost  items  as  given  in  the  output  formats, 
the  CKK  equations,  and  the  model  card  locations.  The  step-by-step  development  of 
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input  data  consists  of  providing  NAMK14ST  variable  inputs  and  determining  the  suit- 
ability of  estimating  coefficients  called  out  by  the  C fills  and  recorded  as  model  card 
constants. 

:i.a.  1 NONRKCt'RRLNG  DKS1GN  AND  1)  KV  K DU  PM  KN  T.  Nonrecurring  design  ;uid 
development  costs  are  estimated  by  a series  of  CKRs,  each  of  the  same  general  form, 
for  each  of  the  costs  in  Figures  1 i and  I 5.  I'able  12  cross  references  the  cost  print- 
out, CKRs,  and  mod<d  cards  for  each.  The  CKR  forms  and  the  input  requirement  that 
is  generated  by  their  use  are  discussed  below.  Kquat  ions  are  numbered  separately 
from  thi'  trade  study  method. 

KNGINKKRLNG; 

BASIC  STRFCTFRK  DKS1GN  FNC.1N K KRLNG 


Definition 


Basic  Structure  Design  Fngineering  comprises  the  detail'd  design  of  file  elements  of 
basic  structure,  plus  such  supporting  activities  as  line's  and  lofting,  checking,  stress, 
weights  and  value  engineering,  as  they  relate  to  the  elements  of  basic  structure. 

CKR  Form 

A CKR  of  the  following  form  is  used  for  estimating  basic  structure  design  engineering 
for  each  of  the  elements  of  basic  structure: 

K. 

UK.  : F.  (KC.)  (WK.)  ' 

i i i i (l  ) 

who  re 

DM. 
i 

F 

l 

KC 

t 

WK 

t 

K. 

i 

i 

III]  nits 

The  categorization  of  inputs  used  in  the  system  costing  method  can  be  best  explained 
by  reference  to  the  model  cards  of  the  computer  program.  As  an  example,  we  have, 
F701  1 FI  WNG  * 540.0  * WW  WNG  **  Ml  WNG  taken  from  the 


Design  engineering  hours  for  each  structural  element  estimated 
Complexity  factor 
estimating  coefficient 

- Weight  of  the  structural  element  estimated 
Cost/weight  scaling  exponent 
Index  numbers,  l through  G for  basic  structure 
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Table  42.  Cost  Output,  CKK  liquation,  and  Model  Card  Cross  deference 
System  Nonrecurring  Design  tmd  Development  Cost. 
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Dollar  Costs 


Table  42.  Cost  Output,  CER  Equation,  and  Model  Card  Cross  Reterence 
System  Nonrecurring  Design  and  Development  Cost,  Contd. 


149 


MinufacturLn!i  Support 


model  card  listing  in  Appendix  K,  The  conventions  arc  (he  same  as  applied  in  I lie 
trade  study  method.  This  model  mini  is  of  the  F-card  type.  Caleulated  values  ol 
1 >Kj  are  entered  in  l hi ■ SA V matrix,  in  this  ease  at  the  address  (701,  1 );  and  the  follow  - 
in<;  et|iii\ah  neies  and  categorization  apply: 


IT  WNCi 

(NAM  FL1ST  variable ) 

5-1  n.  () 

(Model  card  coefficient  ) 

ww  wnc; 

(NAM  FUST  variable) 

FI  WNC. 

(NAM  FUST  variable) 

Input  organization  is  simple  enough  so  as  to  obviate  the  need  for  individual  Input  sum- 
mar, \ tables  by  cost  category  ;is  was  used  for  the  trade  study.  NAMELIST  variables 
are  i ait i1  red  on  the  NAMELIST  SUMMARY  input  cards,  one  for  each  structural  element 
in  the  following  sequence: 

WNC  Wing 

11TL  Horizontal  Stabilizer 
VTL  Vertical  Stabil  iz.er 
IT  XI  Fuselage 
NAC  Nacelle 
IAd)  Landing  Clear 

It  can  be  seen  that  the  sample  F-card  above  represents  a calculation  for  the  wing. 

Lnput  values  to  be  entered  for  F^  are  obtained  from  the  historical  cost  data  supplied  as 
back-up  data  in  Appendix  I.  (The  same  data  is  used  in  this  case  for  both  trade  and 
system  costing.  ) The  complexity  factor  is  obtained  b\  analogy  to  historical  references 
displayed  in  the  Figures  1-1  through  !-(!,  or  through  other  comparable  data. 

Values  for  EC-  tire  already  entered  on  the  appropriate  model  card  and  etui  be  seen  on 
the  listing  in  Appendix  K.  These  values  are  developed  from  an  analysis  of  the  data 
on  the  above  referenced  figures. 

The  estimated  weight  of  the  structural  element  being  estimated,  v'/I-q,  is  obtained 
from  tin  appropriate  weight  statement.  Ln  the  system  costing  method,  this  input  source 
is  not  definitely  established. 

The  scaling  ex]xmcnt,  E,  is  obtained  from  the  previously  mentioned  historical  data 
in  Appendix  I.  Independent  research  has  shown  this  scaling  to  be  a constant  value, 
as  Indicated  by  Figures  1-1  through  1-G. 
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Ln  examining  tin1  NAM  Kl, 1ST  variables  as  shown  in  the  model  curd  listing,  a conven- 
tion ol  tin1  POSTC  program  should  lie  recalled:  An  input  elemeni  remains  the  same 
lor  the  entire  sequence  ol  (dements  to  he  estimated  unless  a change  is  entered  in  a 
subsequent  NAM  MUST  variable  Input  card.  Thus,  Id  I VTKwill  equal  Id  HTI  will 
equal  Kl  VV'NC  if  only  the  original  entry  under  WNC.  is  made.  This  is  not  true  of  I'd 
WNC,  and  I d HTI,,  since  Id  and  F2  are  defined  to  be  different  variables, 

C'OI,  FlCFRATlON  DKSltiN  KNCllN  KKRINC 

1 )el  inition 

Configuration  design  engineering  includes  support  engineering  consisting  of  preliminary 
design,  aerodynamics,  dynamics,  and  thermodynamics  activity  related  lo  structure, 

C KR  Korin 

A CKR  of  the  following  form  is  used  for  estimating  configuration  design  engineering: 

K2 

CDK  K7  (IdC ) (WAMI'I  (2) 


where 


CDK  : Configuration  design  engineering  hours 
FT  Complexity  factor 
KC  Kstimating  coefficient  18-10 
VVAMP  AM  PR  weight  of  the  total  basic  structure 
K2  Cost/weight  sealing  < xponont 


Inputs 

F7,  VVAMP  and  lid  tire  NAM  Kl, 1ST  variable  inputs.  KC  is  an  estimating  coefficient 
mitered  on  the  model  card. 

Input  values  to  be  entered  for  F7  are  obtained  from  the  historical  cost  data  shown  as 
Figure  1,-1,  or  through  comparable  data.  A value  for  KC  is  entered  at  Line  707  of  the 
model  card  list,  being  derived  from  the  same  historical  data.  VVAMP,  the  AM  PR 
weight  of  basic  structure  is  obtained  from  a suitable  weight  statement.  K2,  the  scal- 
ing exponent,  is  the  same  value  as  Kl  above  and  is  obtained  from  the  same  data  base. 
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I-QCI  I'M  I N I DIAMGN  FNG1NFFKLNG 
1 )t  1 1 nil  ion 

Fijuipment  design  relates  to  ill  • design  and  development  of  aircraft  functional  sub- 
s \ s 1 1 ■ in s . 

CFK  1~  < > r 1 1 1 

A general  CFR  of  the  following  form  is  usi-d: 

K. 

F1>F.  * F.  (K(\  ) (\VK.  ) ‘ (tit 

■ lit 


where 

FDF.  equipment  design  engineering  hours  for  each  functional  subsystem 

tuid  l'j , KCj,  WKj  and  F[  are  as  defined  before.  The  index,  i,  runs  from  H through 
l'',  inclusive,  correS|x>nding  to  the  functional  subsystems  as  listed  in  Figure  42. 

inputs 

Categorizations  are  the  same  as  before.  Input  values  for  F-  are  obtained  by  reference 
to  Figures  L-2  through  L-12.  Values  for  FC^,  derived  from  these  same  data,  are 
given  in  model  cards  for  lines  711  through  721.  WJ^  values  are  obtained  from  a 
weight  statement,  as  In  f >re.  The  scaling  exponent,  Fj  remains  0.  6 based  on  data 
in  the  above  figures, 

TOTAL  FNGIN FF1UNG  LABOR 


Total  engineering  lalx>r  is  the  summation  of  the  previous  estimates  accomplished  by 
an  K-card,  line  722.  The  formula  appears  as  follows: 


TFL  <7U1  . • • 718,  1 ) 


(4) 


where 


TFL  : Total  engineering  laljor, 


and  the  summation  is  of  the  series  of  estimates  recorded  in  the  SAV  matrix  from  line 
701  through  721 . 
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LNC.l N 1 I-! i i 1 N ( 1 DOLLAR  COSTS 


Lnginei  ring  ilnllar  costs  arc  obtained  by  applying  a composite  engineering  !alx>r  rate 
by  means  of  an  I'-caid  at  line  723,  2.  The  formula  is: 

LDC  TLL(LCLRl)  (a) 


w here 


LDC  Engineering  dollar  costs 
LCLR1  Composite  engineering;  labor  rate 


ENGINE FRLNG  MATERIAL  COST'S 


Definition 

This  cost  covers  miscellaneous  costs  associated  with  engineering  design  such  as  en- 
gineering materials  and  supplies,  travel  and  per  diem  and  computer  costs.  Material 
for  developmental  hardware  is  excluded  here  and  included  under  development  support. 

CDR  form 

A CLR  of  the  following  form  is  used; 

LM  LDC  (FM)  (<i) 


where 


LM  Lngineering  Material  cost 

LDC  - Lngineering  dollar  cost  taken  from  the  SAY  matrix  at  (723,2) 

FM  A percentage  factor 

Inputs 

The  NAMELIST  input  FM  is  based  on  the  contractor's  experience  and  is  currently 
entered  as  0.2. 

TOTAL  LABOR  AND  MATLIUAL  COST 

This  cost  is  calculated  by  an  F -canal  at  line  (723,4)  and  is  represented  by 

TLM  ; LDC  -i  FM  (7) 
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TOO  1.  INC.: 


HASH'  TOt)l  MANIFACTCKINO  lHH'RS 


1)(  Hniunn 

basic  tool  manulaetu  ring  provides  a complete  set  ol  manufacturing  tools  assumed  to 
he  capable  ol  supporting  a manufacturing  rate  ol  approximately  one  aircraft  per  month. 


CKR  Form 

A CKR  of  the  following  form  is  used  lor  estimating  basic  tool  nuimiracl tiring  hours  for 
each  of  the  elements  of  basic  structure. 


HT  TF  (KC.  ) (\V  !•;  ) 1 (S ) 

t 1 1 i 

where 

HT. 

t 

1 I . 

i 

KC. 

WK.  Weight  of  the  structuriil  element  estimated 

T Cost/weighl  scaling  exponent 
i 

i Index  numbers  1 through  7 for  tooling  elements 


basic  tool  manufacturing  hours  by  hardware  clement 
Complexity  factor  for  tooling 
Kstimat Lng  coefficient 


This  CKR  is  essentially  the  same  as  Kquation  28  of  the  trade  study  method  except 
that  here  the  complexity  factor  is  treated  explicitly  whereas  in  the  trade  study  method 
it  is  built  into  Table  40. 


Inputs 

Input  values  for  TF^  arc  obtained  from  Table  40  except  for  TFT,  which  must  be  deriv- 
ed as  analogs  from  Figure  L-l.'J.  Additionally,  decisions  on  the  choice  of  complexity 
factors  for  TF1  through  TF5  may  be  based  on  analogy  from  the  data  in  Figures  1-7 
through  1-11,  the  same  data  used  in  the  trade  study  method.  Data  is  not  available  for 
the  landing  gear.  Values  for  KC.  are  entered  on  model  cards  F78i,  1 through  7, 
based  on  the  above  data.  Weights  are  the  same  as  for  engineering.  The  scaling  ex- 
ponent, Tj,  based  on  these  data  has  been  taken  as  a value  of  0.75. 

A summation  of  hours  is  provided  by  I T>,‘i  I 8. 
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H A'l  K Tool.  MAN  l 'PACT  CHINO  MOTHS 


i tel'i n it i < m 

Hate  tooling  is  defined  as  the  tool  provisioning  required  to  inc rease  production  capa- 
bilitv  to  a required  rate  Irom  that  provided  In  basic  tooling. 


CKR  Korin 
Tile  C KH  used  is 

HT.  BT  (HTI<  - 1 ) (il) 

wile  re 

HT.  Hate  tool  manuf 'act u r i n*j,  hours  by  hardware  element 
H Production  rate 

TH  Scaling  with  production  rale  increase 
This  calculation  is  applied  to  each  oi  die  hardware  (dements. 

Inputs 

The  inputs  It  and  TH  are  NAMKLIST  variables  entered  in  NAM  MUST  SUMMAHY.  The 
production  rate  is  obtained  from  program  plan  data  and  will  normally  be  the  same  for 
all  hardware  (dements,  although  provision  is  made  lor  the  application  of  separate 
rates.  The  value  for  fit  is  0.  \\  based  on  manufacturing  experience. 

A summation  of  hours  is  again  provided,  I'Tltli  X. 

TOTAL  TOOL  A1  ANT  KACTU  H1N(  1 

Basic  and  Hate  Tool  Manufacturing  Hours  are  summed  by  column  for  each  hardware 
(dement,  for  other  subsystems  and  for  the  subtotals.  The  calculation  by  T’-card  at 
line?.'!.'!,  column  !),  converts  tool  nuuutlacluring  labor  to  dollars  using  the  NAMKUST 
variable,  TMLH. 

BASIC  TOOL  KNOINKKKING 

Definition 


The  design  of  tools  and  preparation  of  production  planning  to  accomplish  production  at 
the  initial  rale  of  production. 


CKR  Form 


Tin*  CKR  used  applies  a factor  In  basic  tool  miumfaet uri  ng  labor: 

BTKil  RT  (TKF  ) (10) 

1 i i 

u here 

BTKli.  Basie  tool  engineering  hours  by  hardware  element 

TK1-'.  Tool  engineering  faetor:  a ratio  of  tool  engineering  to  tool 
nuuni  lac  luring 

111]  Hits 

TKF  is  based  on  data  shown  in  Table  1-2  and  is  entered  as  a NAM  K LIST  variable. 
HATH  TOOL  KNOLN  KKIUNG  HOURS 


Definition 

The  design  of  tools  and  preparation  of  production  planning  to  accompany  an  Cierease  in  • 
production  from  an  initial  rate. 

CKR  Form 
The  CKR  used  is 

RT Kit.  RT.  (RTEF. ) (11) 

ill 

where 

RTKH.  Rate  tool  engineering  hours  by  hardware  element 
RTKK.  Rate  tool  engineering  factor 

Inputs 

RTKF  is  bastd  on  manufacturing  experience  and  is  entered  as  a NAMK1TST  variable, 
TOTAL  TOOL  KNGIN KKRING 


Basic  and  Rale  Tool  Kngineering  Hours  are  summed  in  the  same  way  as  Tool  Manufac- 
turing. Tool  engineering  labor  is  converted  to  dollars  by  an  F-eard  calculation  at 
line  756,  column  9,  using  the  NAMELIST  variable,  TELR. 
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TOOL.  MAT KKIAL  COST 


1 )(  1 i n it  i un 

This  item  rovi rs  miscellaneous  costs  associated  with  tool  design,  manulaeturing,  and 
production  planning  including  materials  lor  tool  manufacture  and  procured  tools. 

C MR  Form 


T.M  TTM  iTMFli) 


( 1 ^ ) 


u here 


TM  Tooling  material  cost 
TTM  Total  tool  manufactu ring'  hours 

TMFlb  Tooling  materia!  factor:  a ratio  ol'  tooling  material  lo  tool 
manufactu  ring 

MANU  l ’ACTU  111  NO  AIDS  COSTS 


Definition 

This  covers  the  plant  engineering  tune  lion  associated  with  the  design,  manufacture, 
and  maintenance  oi  special  noncapital  manufacturing  aids  such  as  holding  cradles, 
work  platforms,  slings,  ioad  bars,  transportation  trailers,  handling  dollies , and 
access  stands. 

CKK  Form 


M All  TTM  (MAT) 


(id) 


where 


MAII  - Manufacturing  aids  hours 
MAF  Manufacturing  aids  factor 

Inputs 

The  manufacturing  aids  factor  is  entered  as  a NAMKL1ST  variable.  Experience  indi- 
cat<;s  that  on  past  aircraft  programs  these  hours  have  ranged  from  8 to  15  percent  of 
tool  manufacturing  hours.  An  average  value  of  0.  1 2 is  used. 
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Manufacturing  is  lalxir  is  convert rd  to  dollars  by  ;m  I-' -card  calculation  at  line  788, 
column  !),  using  as  input  the  NAM  FEIST  variable,  MAER.  This  is  a composite  rale 
that  includes  an  allowance  for  required  materials. 

M A NT  ’ 1 ’ AC  Tl  TUNC  i 1 ) b V b 1,0  PM  bNT  C ( )STS 


Definition 

This  consists  of  the  development  of  manufacturing  method  associated  with  a given  pro- 
gram, including  processes,  standards  and  procedures. 

CbR  Form 


MDII  TTM  tiMDb)  (14) 

where 

MDII  Mat  a'aeturing  development  hours 
MDb  Manufacturing  development  factor 

Inputs 

The  manufacturing  development  factor  is  entered  as  a NAMELIST  variable.  Manufac- 
turing experience  indicates  a value  of  0. 115. 

MANl’FACTU  RING  SU  P PORT: 


Definition 

Manufacturing  support  hours  represent  Lhe  effort  undertaken,  to  support  engineering 
during-  the  development  phase  of  an  aircraft  program.  It  includes  manufacturing  labor 
and  material  for  such  items  as  development  test  parts,  test  fixtures,  mockups  and 
models,  and  other  support  activities.  It  also  includes  manufacturing  material  and 
other  costs  made  up  primarily  of  vendor  costs  for  development,  test  and  production 
startup. 

CDR  Form 

The  CER  form  used  is  based  on  Rand  studies,  Reference  -1  : 

873  j 8(j  34() 

MS-  0.  008:125  (WAMP)’  ' (Sf  ’ {QD)‘  (INF)  (15) 


where 


MS  Manufacturing  support  cost  in  1074  dollars  . 
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S Maximum  .speed  (kts)at  best  altitude 

Qi)  Development  quantity  (number  of  flight  test  airframes) 

INK  A term  to  adjust  the  dollar  base  from  1 DTD  to  1!)74  ;ind  to  provide  for 
subsequent  adjustments  as  follows: 


|Y  1 1)7*1) 

INK  [ 1 . :!7::  / d HI) 

1!1  Hate  ol  in  flaiion 
Y Year  in  which  dollars  are  staled 


and 


Inputs 


All  ol  the  variables  are  entered  as  NAM  K LIST  variables.  VVAMP,  the  AM  HR  weight 
of  the  airframe,  is  obtained  from  a suitable  group  weight  statement.  Speed  (S)  is  ob- 
tained from  design  characteristics  data.  Quantity  (QD)  is  obtained  from  program 
data.  The  rate  of  inflation  is  estimated,  and  Y is  self-evident. 


Ql’AUTY  CONTROL 
Definition 

The  establishment  of  finality  control  procedures  and  requirements  and  set-up  for 
production. 


CKR  Korin 


QCII  TEL  (QCKl)t  TTM  (QCK2) 


(16) 


where 


QCII  Quality  control  hours 
QCF1  Factor  applied  to  engineering  labor 
QCF2  Factor  applied  to  tool  manufacturing  labor 

Inputs 

The  Quality  Control  factors  are  entered  as  NAMELIST  variables.  Based  on  contractor 
experience,  QCK1  is  0.01  and  QCF2  is  0.0(1. 

3.3.2  FIRST  UNIT  COSTS.  First  unit  costs,  defined  as  before,  are  estimated  by  a 
series  of  CKRs,  each  of  the  same  general  form,  for  each  of  the  costs  in  Figure  16. 
Table  43  cross  references  the  cost  printout,  CKRs,  and  model  cards  for  each.  The 
CKR  form  and  the  Input  requirements  that  arc  generated  by  its  use  are  discussed 
below. 
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Table  43.  Cost  Output.  CKR  Kquation  Number.  ;ind  Model  Car- 
Address  Cross  Rt Terence  - System  First  Cnit  Cost. 


1 


1 GO 


Su').s\ sti-ms  Subtotal 


I ’.ASK  STRUCTURE  FIRST  UNIT  COST 


CKjj  l'i > r i n 

A CKR  of  the  following  form  is  used  lor  estimating  first  unit  tost  { la  lx  > i‘  and  material 
combined)  lor  oat'll  of  tin-  elements  of  basic  structure; 


K 

(IT  , 

1 

where 
GIT 

i 

V F 

L 

eg. 

i 

WK. 

t 

K. 

i 

IN  F 
SAX', 

i 

Inputs 

The  complexity  factors  and  the  weights  arc  handled  as  NAM  FEIST  variables.  The  esti- 
mating coefficients  and  the  scaling  exponents  are  entered  as  model  card  constants  at 
the  model  card  locations  shown  in  Table  43.  Hack-up  data  for  the  complexity  factors, 
estimating  coefficients,  and  scaling  exponent  arc  provided  in  Appendix  L,  Figures 
L-l-1  through  L-30.  Figure  L-l(>  is  blank  (with  the  page  reserved  for  later  data), 
since  for  the  pres-io,  the  horizontal  and  vertical  stabilizer  are  combined  as  the 
empennage. 

Inflation  is  treated  as  shown  for  Manufacturing’  Support,  although  for  programming' 
convenience  a separate  F-card  is  used  for  this  calculation. 

The  term  SAV^  refers  to  the  series  of  SAX7  matrix  addresses  called  out  on  lines  F7f>l 
through  F75G.  These  represent  the  corresponding  first  unit  cost  estimates  made  by 
the  trade  study  method.  It  is  necessary  to  make  certain  that  one  or  the  other  method 
is  zeroed  out.  Use  of  the  combined  method  is  discussed  further  in  Section  4.3. 

3.3.3  RKCUU1UNG  PRODUCTION  COSTS.  Recurring  production  costs  for  the  sys- 
tem costing  method  are  handled  in  a manner  similar  to  that  for  the  Recurring  Produc- 
tion Cost  Summary  for  the  trade  study  costing  method.  Figure  17  gave  a sample  of 
the  computer  printout  involved.  Table  44  provides  the  cross-reference  between  cost 
output  and  model  cards.  These  cost  items  consist  of  die  following: 

1G1 


IT  (KG  ) (WK.)  (INF)  • (SAX'. ) 

i i l i 


(17) 


Gost  of  the  first  unit  of  the  element  estimated 
Complexity  factor 
Kstimat  ing  coefficient 

Weight  of  the  structural  element  being  estimated 
Cost/weight  sealing  exponent 

Adjustment  of  11)70  data  base  to  1071  base  as  shown  in  Equation  (15) 
SAX'  matrix  address  for  pick-up  of  trade  study  method  estimate 


Table  Tl.  Cost  ()utput,  CKK  liquation  Number,  and  Model  Card  Address 
Cross  Reference  - System  Recurring  Production  Cost. 
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* liquation  22  is  used  at  each  of  these  points. 


1 62 


Sustain  ini;  Kngi  nee  ring 
Sustaining  Tooling 

Manufacturing  (Including  (Quality  Control)  for 


Wing 

Horizontal  Stabilizer 

Vertical  Stabilizer 

Fuselage 

Naeel  les 

Landing  Gear 

Subsystems 

estimates  are  provided  for  three  alternative  quantities:  The  RDT&U  quantity  and  two 
alternative  produelion  quantities.  Quantity  inputs  are  the  NAMELIST  variables  QN2, 
QN3,  and  QN5. 

In  the  system  costing  method  manufacturing  costs  are  estimated  in  dollars.  Conver- 
sion of  engineering  and  tooling  hours  to  dollars  is  the  same  process  previously  des- 
cribed. These  calculations  occur  at  (781 , 2),  (781,4),  (781,  U),  (782,2),  (782,4). 

SUSTAINING  KNG  IN  LURING  HOURS 


CUR  Form 

The  equation  used  for  the  RDT&K  quantity  is 

SKI  I : TKL  (QN2hh  - 1 ) (IS) 

where 

SHH  : Sustaining  engineering  hours 
TEL  Total  engineering  labor 
Q\T2  RDT&U  quantity 
US  - Scaling  against  quantity 


The  equation  used  for  procurement  quantities  is 


SUI1  - TKL  (QN4 


KS 


- QN2 


(19) 
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KS  ITS 


Ol  lON’ti 

- tjN2 

l lor  ill 

CjN-l 

ON  2 ■ 

(jN.i 

ONi; 

QN2  ' 

GNU. 

liipnts 


second  procurement  quantity,  where 


0N2  and  KS  are  NAM  MUST  Sl'MMAliV  inputs.  0N2  is  ohlained  from  program  plan 
data.  KS  has  a value  <>l'  0.2  as  previously  discussed.  QN.'l  and  QN.'>  are  alternative 
product  ion  quant  ilies. 


SUSTAINING  TOOLING  HOURS 


CKR  Form 

The  e(|u;dion  used  for  the  RDT&K  < | uanl i t y is 

TU 

ST1I  (TT.M  ■ TT K I (ON 2 - 1 ) (20) 

where 

ST1I  Sustaining  Uxding  hours 
TTM  Total  tool  manufacturing  hours 
T'l’K  Total  tool  engineering  hours 
IT  Scaling  against  (giant  ily 

The  equation  used  for  procurement  quantities  is 

iT  TU 

ST  1 1 (TTM  ( TTK)  (QN4  - QN2  ),  (21) 

or  (QNG  ^ ^ - GN2  ^ ) for  the  second  procurement  quantity. 

Inputs 

TU  has  a value  of  0.14  as  previously  discussed. 

MANU  KACTU  KING  KKCUHIUNG  COSTS 


Based  on  first  unit  manufacturing  costs,  recurring  manufacturing  costs  are  projected 
on  a dollar  basis.  Kxactly  the  same  procedure  is  used  as  was  used  for  the  trade  study 
recurring  production  costs  by  structural  element,  described  in  Section  2.2,2.  A 

JG4 


7. -rani  calculation  based  on  TKICM  7!t  is  used.  This  has  Ihe  equal  ional  form, 


Cost  Intimated 


I’d 


(77  ) 


with  the  same  definitions  as  in  Section  7.7.7.  Tin-  calculation  is  performed  lor  each 
of  tin’  ai re ral't  subsystems. 

(.Quality  Control  costs  are  included  in  the  first  unit  cost  estimate  since  they  were  in- 
cluded in  tlie  original  data  base. 

7.1  RKOOKAM  O DURATION  AND  INSTRUCTION 

this  discussion  covers  the  same  topics  considered  in  connection  with  the  trade  study 
method.  Computer  program  integration  is  not  applicable,  however,  since  for  system 
costing,  supporting  programs  are  not  described.  Input  data  is  developed  from  a 
group  weight  statement,  certain  design  and  program  data,  and  historical  cost  data, 
requiring  tin  appropriale  pre-design  activity.  Time  sharing  is  applicable  in  a manner 
similar  to  that  described  in  Section  7.4.7. 

NAM  RUST  CUItVK  and  NAM  HD  1ST  SUMMARY  input  cards  arc  prepared  according  to 
the  NAMKLIST  variables  dictionary  (Appendix  K ).  A computer  printout  of  the  required 
input  cards  is  given  in  Appendix  K as  a guide. 
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KFCTJ'DN  IV 


l)K  MON  ST  RAT  ION  KI  NS 


I Cm  c;ise  esl  i in:il  es  have  Ihtii  perlornu'd  lor  cat'll  of  Hit  I wo  osl  i milling  methods  using 
Iho  cost  moilol  oomputor  program  and  the  results  Irom  runs  of  (ho  supporting  synthe- 
sis  programs,  in  tho  oaso  of  (ho  (ratio  study  molhod.  Printouts  from  (host-  runs  liavo 
boon  used  lo  illustrate  tho  methods  in  tho  previous  soot  ions.  1'his  sootion  doscribos 
tho  slops  taken  :uid  tho  information  gathered  in  sotting  up  tho  demonstration  runs.  An 
evaluation  from  the  standpoint  of  estimating  results  is  provided  in  the  Technical 
Volume.  Results  of  the  demonstration  rims  are  given  in  Appendix  M. 

I'he  B-7»s  aircraft  program  was  selected  as  the  lest  ease  for  both  the  trade  study  and 
the  system  cost  estimating  methods.  Other  candidates  were  considered  but  wore  not 
selected  for  various  reasons: 

The  selection  had  to  be  limited  to  a Convair  program  since  data  collection  ex- 
perience indicated  that  access  to  data  was  a problem  otherwise.  Choice  ol'  the 
B-.-jS  was  supported  by  the  availability  of  results  from  a NASA-funded  cost 
data  study,  Reference  o.  The  F-l  11A  was  a candidate,  but  the  cost  of  collect- 
ing comparative  actual  data  was  beyond  the  budgetary  limits  of  the  study. 

Data  for  the  B-"»s  program  were  obtained  from  four  general  sources:  (i)  B-oS 
Cost  Data  Study  Report,  Reference  ">;  (2)  B-a«  Cost  History;  (ti)  Actual  Weight 
and  Balance  Report  for  13-oS A (Bomber  Airplane),  FZW-4-0;ih,  Reference  G; 

;uid  (4)  other  internal  company  data  sources.  The  B-oS  Cost  History  is  a 
specific  internal  document  prepared  as  part  of  the  company's  ongoing  cost 
research. 

The  results  of  the  trade  study  mid  system  runs  cannot  be  directly  compared  since  they 
are  set  up  in  different  time  frames:  the  trade  study  method  estimates  historical  costs 
using  a composite,  then  year  labor  rate,  whereas  the  system  cost  estimate  is  made  in 
li)74  dollars.  The  trade  study  method  estimates  lalxu-  and  material  separately,  so 
that  by  applying  the  appropriate  lalxjr  rate  and  material  cost  factor,  economic  escala- 
tion is  taken  into  account.  Some  ambiguity  occurs  in  the  case  of  material  cost,  how- 
ever, since  the  historical  data  typically  intermingles  production  material  associated 
with  structure  and  purchased  parts  associated  with  the  functional  subsystems. 

The  system  cost  estimating  factors  were  developed  from  a data  base  that  had  been  ad- 
justed to  M)70  dollars.  An  inflation  adjustment  was  applied  to  these  results  to  convert 
to  1!174  dollars.  Going  back  to  the  lt)70  data  base,  or  any  intervening  year,  requires 
only  a simple  series  of  F-card  changes.  However,  moving  back  to  any  earlier  period 
would  require  a more  comprehensive  adjustment  to  the  data  base. 

IGG 


For  the  usual  estimating  situation,  estimates  will  be  made  in  the  current  time  frame, 
and  comparisons  of  the  results  from  the  methods  can  be  made.  Making  a comparison 
in  the  case  of  the  B-5S  would  be  time  consuming  and  still  not  conclusive  due  to  the 
difficulties  in  determining  precise  escalation  adjustment  factors. 

The  demonstration  case  as  presently  set  up  does  provide  a comprehensive  test  of  both 
methods.  An  analysis  of  estimates  and  a comparison  to  actuals,  both  from  the  B-58 
aircraft  and  ether  aircraft,  at  subsystem  and  detailed  levels,  has  been  accomplished 
and  is  reported  in  the  Technical  Volume.  Verification  of  the  estimating  logic  and  de- 
bugging of  the  computer  program  have  been  largely  accomplished.  The  demonstration 
case  also  served  as  a vehicle  to  coordinate  the  installation  of  the  system  at  AFFDL. 

4. 1 TRADE  STUDY  ESTIMATING  DEMONSTRATION  RUN 

The  steps  used  in  making  this  rim  are  described  below.  They  differ  from  the  nominal 
procedure  inasmuch  as  actual  design  and  weights  data  were  available  eliminating  the 
need  for  synthesis  data  and  resulting  in  deemphasis  on  the  demonstration  of  the  design 
synthesis  computer  programs. 

First  Unit  Cost  Estimate 


a.  Obtained  detailed  weights  data  by  review  of  the  detailed  weight  statement  contained 
in  Reference  6. 

b.  Determined  type  of  construction  and  material  used  for  the  basic  structure  from  a 
review  of  Reference  5 and  determined  approximate  weight  breakdown. 

c.  Determined  complexity  factor  by  reference  to  complexity  factor  tables  for  detail 
fabrication  and  subassembly. 

d.  Prepared  an  input  data  summary  similar  to  Figure  26  for  aerodynamic  surfaces 
and  fuselage  hardware  elements  for  detail  fabrication  hours  and  similar  to  Figure 
27  for  subassembly  hours. 

e.  Developed  design  data  required  by  Figure  28  from  Reference  5. 

f.  Entered  detailed  weights  data  for  secondary  structure  in  a Figure  29-type  sum- 
mary sheet. 

g.  Analyzed  secondary  structure  descriptions  contained  in  Reference  5,  determined 
type  of  construction  and  material,  determined  complexity  factor  by  analogy  to 
data  contained  in  Tables  25  and  26,  and  entered  fabrication  and  subassembly  com- 
plexity factors  in  a Figure  29-type  summary  sheet. 

h.  Developed  design  data  required  by  Figure  30  from  Reference  5. 

i.  Obtained- material  factors  required  by  Figure  31  from  Tables  31  and  32  for  pri- 
mary structure. 
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j.  Obtained  material  factors  required  by  Figure  32  from  Tables  33  and  34  for  second- 
ary structure. 

k.  Determined  fastener  complexity  for  (mlries  required  by  Figure  33.  Data  is  ob- 
tained from  Table  36. 

Recurring  Production  Cost  Estimate 

l.  Determined  quantities  to  be  estimated  based  on  original  program  plan. 

m.  Analyzed  historical  cost  data  to  determine  manufacturing  and  tool  manufacturing 
labor  rate's  to  be  used  to  represent  historical  B-58  costs. 

n.  Input  values  for  the  matrix  of  learning  curv  e factors:  hardware  elements  by  cate- 
gory of  cost,  i.  e. , detail  fabrication  labor,  assembly  labor,  and  material.  These 
factors  are  based  on  general  experience.  Analysis  of  learning  curves  at  this  level 
of  detail  is  considered  to  be  beyond  the  scope  of  this  contract.  Appendix  D shows 
the  extent  of  the  learning  curve  breakout. 

Nonrecurring  Design  and  Development  Costs 

o.  Determined  AMPR  weight  values  from  Reference  6. 

p.  Input  estimating  coefficients  obtained  from  Appendix  I for  engineering  direct  labor 
(Ell)  and  total  manufacturing  labor  (TMF). 

q.  Determined  maximum  production  rate  from  historical  data. 

r.  Analyzed  historical  cost  data  to  determine  other  labor  rates:  engineering',  tool 
manufacturing,  tool  engineering,  composite  rate  for  manufacturing  d:  velopment 
and  plant  engineering,  and  quality  control. 

s.  Input  values  for  composite  learning  curves  for  fabrication,  assembly,  and  material 
costs. 

Appendix  B gives  a sample  printout  of  the  input  elements.  This  sample  was  taken  from 
the  B-58  demonstration  run  and  may  be  referred  to  for  the  input  values  used  for  this 
test  case.  Appendix  M provides  the  additional  estimating  results,  in  computer  print- 
out form,  which,  when  taken  in  conjunction  with  the  other  printout  shown  for  illustra- 
tive purposes  throughout  this  Handbook,  constitutes  a complete  set  of  printouts.  Table 
M-l  gives  the  location  of  the  output  set. 

4.2  SYSTEM  COST  ESTIMATING  DEMONSTRATION  RUN 

The  steps  used  in  making  this  run  are  described  below.  In  the  case  of  the  system  cost- 
ing Lest  case,  sources  for  the  required  input  data  are  not  precisely  determined  so  that 
the  procedures  described  represent  a typical  case.  Reference  is  made  to  Appendix  K, 
which  contains  a printout  of  the  input  elements  as  used  for  the  test  case  and  a 
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NAMELIST  variables  dictionary.  The  latter  selves  as  a summary  table  for  the  re- 
quired inputs  and  will  be  referred  to  in  the  discussion  below. 

Nonrecurring  Design  and  Development  Cost  Estimate 

a.  Obtained  weights  data  for  basic  structure  by  review  of  the  detailed  weight  state- 
ment contained  in  Reference  6. 

b.  Entered  value  for  cost-weight  scaling  based  on  data  contained  in  Figures  1-1 
through  1-6,  and  L-l  through  L-12. 

c.  Developed  complexity  factor  values  by  judgment  based  on  a comparison  of 
characteristics  between  the  B-58  component  estimated  and  a suitable  analog. 

Input  value  is  the  ratio  of  the  analog  to  the  best  fit  curve  suitably  factored. 

See  pages  150  and  152  of  this  volume  and  page  93  forward  in  Volume  1. 

d.  Determined  AM  PR  weight  for  basic  structure  from  Reference  6. 

e.  Obtained  weights  data  for  secondary  structure  by  review  of  the  detailed  weight 
statement  contained  in  Reference  6. 

f.  Entered  an  estimated  value  for  a composite  engineering  labor  rate  (i.  e.  , to  cover 
the  various  types  of  engineering  involved)  and  the  values  for  FM  and  TI  obtained 
from  the  NAMELIST  variables  dictionary. 

g.  Entered  tooling'  complexity  factors  as  obtained  from  Table  40. 

h.  Entered  complexity  factor  TF7  as  the  ratio  of  the  B-58  actual  cost  to  the  compar- 
able point  on  a best  fit  curve. 

i.  Determined  production  rate  from  historical  data. 

j.  Entered  value  for  Tit,  scaling  with  production  rate  increase,  from  NAMELIST 
variables  dictionary.  Value  is  based  on  manufacturing  experience. 

k.  Estimated  tool  manufacturing  and  tool  engineering  labor  rates  based  on  historical 
data  or  obtained  from  trade  study  data. 

l.  Determined  ratio  of  tool  engineering  to  tool  manufacturing  from  historical  data. 
Sec  Table  1-2. 

m.  Obtained  rate  tool  engineering  factor,  ratio  of  tooling  material  to  tool  manufactur- 
ing, manufacturing  aids  factor,  manufacturing  development  factor,  ratio  of  quality 
control  to  engineering  labor,  and  ratio  of  Q/C  to  tool  manufacturing  labor  from 
NAMELIST  variables  dictionary.  Values  are  based  on  manufacturing  experience. 

n.  Determined  manufacturing  aids , manufacturing  development,  and  quality  control 
labor  rates  from  historical  data. 

o.  Obtained  speed  from  design  data. 

p.  Determined  development  quantity  from  historical  data. 
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First  Unit  Cost  Estimate 


q.  Determined  complexity  factor  values , UF1  through  l1  FIT,  from  Figures  L-14 
through  L-30  either  by  taking  the  ratio  of  the  B-58  actual  cost  to  a comparable 
point  on  a best  lit  curve  or  by  judgment  bast'd  on  a comparison  ol  characteristics 
between  the  B-58  component  and  the  average  represented  by  a best  l'it  curve. 

Recurring  Airframe  Production  Costs 

r.  Determined  quantities  to  be  estimated  based  on  original  program  plan. 

s.  Entered  sustaining  engineering  and  sustaining  tooling  exponents  from  the  NAME- 
LIST  variables  dictionary. 

1.  Determined  composite  tool  manufacturing-tool  engineering  labor  rate. 

u.  Input  values  for  the  matrix  of  learning  curve  factors:  hardware  subsystem  by 
quantity  block. 

Appendix  K gives  a sample  printout  of  the  input  elements.  This  sample  was  taken  from 
the  B-58  demonstration  riui  and  may  be  referred  to  for  the  input  values  used  for  the 
Lest  case.  The  printouts  shown  in  Figures  14  through  17  give  the  estimating  results  of 
these  inputs. 

4.  3 COMBINED  METHODS  OPERATION 

The  combined  methods  operation  is  limited  to  the  substitution  of  basic  structure  first 
unit  costs  from  the  trade  study  costing  method  in  the  system  costing  results.  The 
combined  mode  thus  involves  basically  the  system  cost  estimating  logic  as  augmented 
by  the  substitution  of  certain  trade  study  calculations:  those  occurring-  from  F -cards 
F751, 4 through  F756.4.  The  series  of  terms  (61,  9),  (124,9),  (173,9),  (229,9), 

(280,9),  and  (314,9)  serve  to  interconnect  the  two  methods.  If  the  combined  mode  is 
to  be  used,  then  the  first  part  of  the  respective  equations,  i.  c. , the  part  in  front  of 
the  plus  sign,  must  be  zeroed  out  by  an  appropriate  entry  and  the  calculations  produc- 
ing these  terms  must  be  activated  from  the  trade  study  model  card  deck.  Each  of 
these  terms  is  traced  back  through  the  calculations,  the  necessary  model  cards  are 
activated  by  insertion  in  the  input  deck,  the  relevant  NAMELIST  variables  are  input, 
and  the  case  can  then  lx-  run  as  before.  The  terms  involved  are  defined  as  follows: 

(61.9)  - Wing-  first  unit  labor  and  material  dollar  cost 

(124.9)  --  Horizontal  stabilizer  first  unit  labor  and  material  dollar  cost 

(173.9)  = Vertical  " " " " " " " " 

(229.9)  = Fuselage  " " " " " 

(280.9)  = Nacelles  " " " " 

(314.9) “  Landing  Gear  " " " " " " " " 
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Li  these  terms  are  substituted,  then  the  recurring  airframe  production  costs  automatic- 
ally reflect  the  substitution.  The  system  costing  method  then  provides  a detailed  anal- 
ysis of  basic  structure  costs,  and  detailed  costs  are  provided  either  as  a partial  print- 
out of  the  trade  study  format  or  from  the  SAV  matrix. 

4.4  ABBREVIATED  RUNS 

Abbreviated  or  partial  runs  can  be  made  in  the  ease  of  the  trade  study  cost  estimating 
method.  This  is  exemplified  in  the  B-58  test  ease  in  two  ways:  (1)  Since  the  B-58 
aircraft  does  not  have  a horizontal  stabilizer,  one  of  the  six  hardware  elements 
modeled  is  omitted  and  (2)  One  production  quantity,  instead  of  two,  is  evaluated. 

The  elimination  of  the  horizontal  stabilizer  is  accomplished  by  removing  the 
appropriate  model  cards: 

a.  Cards  F-100  through  F-150,  the  eight  cards  immediately  preceeding,  and  the 
two  cards  immediately  following. 

b.  Cards  F-365  through  F-390  and  the  two  cards  immediately  preceeding  and 
immediately  following. 

c.  Cards  F-507  through  F-532  and  the  two  cards  immediately  preceeding  and 
immediately  following. 

The  elimination  of  the  second  production  quantity  is  accomplished  by  removing  the 
following  cards: 


a.  Cards  F-475  through  F-G13,  the  immediately  preceeding  two  cards  and  the 
following  one  card. 

b.  Cards  F-G50  through  F-G58,  the  immediately  preceeding  six  cards  and  Lhe 
following  card. 

The  elimination  from  consideration  of  other  hardware  elements  is  accomplished  by 
removing  comparable  sets  of  cards. 

4.5  ESTIMATING  ACCURACY 

The  demonstration  runs  give  evidence  of  a fully  operational  cost  model.  A full  assess- 
ment of  estimating  accuracy  has  not  been  attempted,  however,  in  view  of  the  fact 
that  only  one  test  ease  has  been  identified  :uid  completed.  Based  on  this  case,  a 
limited  evaluation  of  estimating  results  is  discussed  in  Volume  1,  Section  6.  In 
addition,  however,  a few  qualitative  statements  can  be  made  regarding  the  esti- 
mating accuracy  that  earn  be  expected  from  the  use  of  a model  of  this  type. 
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The  initial  decision  regarding  the  level  ol  detail  at  which  to  pursue  the  development 
and  the  concomitant  acceptance  ot  the  state  ot  data  availability  described  as  un- 
limited data  (the  idea  that  the  expected  future  availability  of  data  would  be  reflected 
in  the  level  of  detail  estimated)  limited  the  use  of  statistical  estimating  approaches, 
hi  the  form  ol  the  model  that  resulted,  input  development  is  an  important  key  to 
estimating  accuracy.  The  experience  of  the  user,  the  availability  of  expert  judg- 
ment, the  relevance  of  available  analogs,  the  performance  of  experiments,  and 
the  results  of  special  studies  all  are  channels  for  improving  input  development, 
which  in  turn  improves  the  estimating  results. 

Again  with  regard  to  input,  the  accuracy  of  the  output  of  the  supporting  design 
synthesis  and  weight  estimating  programs  is  of  great  import.  The  overall  accuracy 
of  the  methodology  must  be  judged  on  the  basis  of  the  entire  set  of  programs  used. 

In  using  a model  of  this  type,  and  in  tact,  in  any  estimating  process,  accuracy  is 
dependent  upon  the  degree  of  product  definition  and  the  extent  to  which  the  product 
incorporates  advanced  technology.  In  some  respects  these  amount  to  the  same 
thing:  the  application  of  advanced  technology  tends  to  make  product  definition  more 
difficult,  but  product  definition  can  lag  for  other  reasons  also,  hi  this  model  im- 
proved product  definition  enhances  accuracy  by  facilitating  the  choice  of  better  com- 
plexity factor,  providing  more  accurate  definition  of  materials  and  construction 
categories,  and  insuring  a more  representative  choice  of  analogs.  Dealing  with 
advanced  technologies  reduces  the  accuracy  of  estimates  because  of  data  base 
limitations.  This  will  always  be  true,  but  the  use  of  a detailed  estimating  procedures 
permits  a more  precise  focusing  on  the  problem. 

The  current  model  provides  credible  estimates.  It  is  felt,  however,  that  develop- 
ment of  the  full  potential  of  the  model  involves:  (1)  additional  user  experience;  (2) 
additions  to  the  cost  data  base;  (3)  continuing  improvements  in  the  supporting 
synthesis  and  weight  analysis  programs;  and  (4)  development  and  incorporation  of 
specific  additional  features  in  the  cost  model  logic.  The  additional  user  experience 
will  also,  undoubtedly,  provide  feedback  for  model  improvements  and  steps  to 
augment  the  data  base. 
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